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6.0 BASELINE RISK ASSESSMENT

The baseline risk assessment report for the Havertown PCP site quantifies
potential human health risks and environmental impacts associated with the site.
The RI baseline risk assessment determines whether the chemicals of potential
concern at the Havertown PCP site pose a current or future risk to human health
and the environment under the no-action alternative (i.e., in the absence of
remediation of the sitej. According to the NCP (EPA 1990a), the baseline risk
assessment “,..provides a basis for determining whether remedial action is
necessary and the justification for performing remedial actions.* The baseline
risk assessment was prepared in keeping with available Federal EPA guidance for
conducting Superfund risk assessments, including Risk Assessment Guidance for
Superfund (EPA 1990b, 1989a,b). In addition, the baseline risk assessment was
prepared using EPA Region III specific guidance (EPA 1991a).

The baseline risk assessment consists of two assessments:  human health
assessment and ecological assessment. The evaluation of the potential
noncarcinogenic and carcinogenic human health risks from exposure to chemicals
released from the site is presented in Section 6.1. The evaluation of the
potential terrestrial and aquatic ecological impacts due to chemical releases
from the site is presented in Section 6.2.

AR300550
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6.1 HUMAN HEALTH ASSESSMENT
6.1.1 Introduction to the Human Health Assessment

The human health assessment for the Havertown PCP site quantifies potential human
health risks associated with the site. The human health risk assessment process
consists of four basic steps which form the outline of this report.

STEP 1. Selection of Chemicals of Potential Concern - (Section 6.1.2)
Honitoriﬁg data collected as part of the Remedial Investigation (RI)
are analyzed and chemicals of potential concern are selected. Of
the chemicals detected at the site, chemicals of potential concern
are selected based on an evaluation of risk factors (which quantify
the relative percent contribution of risk); frequency of detection;
Tow toxicity to humans (i.e., essential human nutrient); and
background concentrations. Selected chemicals of potential concern
are evaluated further in the report.

STEP 2. Exposure Assessment - (Section 6.1.3) Exposure pathways are
identified based on an evaluation of the environmental setting of
the site and the environmental fate and transport of chemicals of
potential concern. Exposure pathways are selected for both current
and future jand-use of the site. Exposure point concentrations and
'exposurés are estimated for each chemical of poiential concern for
the exposure pathways guantitatively evaluated in this report.

STEP 3. Joxicity Assessment - (Section 6.1.4) Toxicity criteria for
assessing carcinogenic and noncarcinogenic risks for the selected
chemicals of potential concern are presented and evaluated.

STEP 4, Risk Characterization - (Section 6.1.5) The exposure estimates |
presented in Section 6.1.3 and the toxicity critepip prega & |in .

6-2




TCN 4212

RI REPORT
REV #1 ~

24/JUN/91

Section 6.1.4 are combined to estimate potential carcinogenic and
noncarcinogenic risks for the exposure pathways quantitatively
evaluated in this report. These risks characterize the potential
human health impact associated with the Havertown PCP site.

In addition, the uncertainties associated with the human health risk assessment

process and the conclusions of the report are presented in Section 6.1.6 and
Section 6.1.7, respectively.
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6.1.2 Selection of Chemicals of Potentia} Concern

This section selects chemicals of potential concern that will be evaluated
further in the human health risk assessment for the Havertown PCP site.
Chemicals of potential concern will be selected for groundwater, surface water
and sediment from Naylors Run, and storm sewer surface water and sediment.

As discussed in Section 1, soils at the Havertown PCP site were evaluated as a
separate operable unit under a previous RI/FS effort. As part of this RI,
potential risks associated with the surface and subsurface soils from the
Havertown PCP site were evaluated in the "Havertown PCP Site Risk Assessment®,
prepared by Greeley-Polhemus Group, Inc (1989). Thus, potential exposure and
risks from chemicals present in surface and subsurface soil will not be
resvaluated in this report. The Havertown PCP Site Risk Assessment (Greeley-
Polhemus Group, 1989) did not evaluate the potential risks associated with use
of groundwater at the site. In addition, exposure estimates for surface water
and sediments from Naylors Run were based on limited monitoring data and certain
exposure parameter values were well below standard “reasonable maximum* values
(EPA 198%a). Therefore, the human health risks associated with groundwater
{under future land-use conditions) and surface water and sediments (under current
land-use conditions) will be evaluated in this report using current risk
assessment methodologies (EPA 1989a).

The methods used to analyze monitoring data and select chemicals of potential
concern for the Havertown PCP site are presented in Section 6.1.2.1 and Section
6.1.2.2, respectively. Chemicals of potential concern selected for groundwater,
surface water, and sediment are presented in Sections 6.1.2.3, 6.1.2.4, and
6.1.2.5, respectively. A summary of chemicals of potential concern selected for
all media is presented in Section 6.1.2.6.
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6.1.2.1 Methods for Evaluating and Analyzing Data

A significant quantity of data were collected from the Havertown PCP site.
Monitoring results were collected from groundwater, surface water and sediment
from Naylors Run, and storm sewer sediment and surface water. The RI monitoring
data were analyzed using several screening procedures, in order to derive a
database suitable for risk assessment purposes (EPA 198%a). The chemical data
presented in Appendices B and D of the RI were modified according to the
screening steps outlined in this section in order to derive a suitable database.
- Thus, differences between the data presented in Section 6 and other portions of
the RI are reflective of the modifications in the database which must be made for
performing the human health risk assessment. Factors considered when evaluating
the RI monitoring data included potential blank contamination, QA/QC procedures
and codes, high detection limits, combining split and duplicate samples, and
summing chemical mixtures. The screening procedures used to analyze chemical
concentration data collected for the Havertown PCP site are discussed below.

. Pursuant to EPA (1989a) guidance, common laboratory contaminants
{e.g., acetone, 2-butanone, methylene chloride, phthalates, and
toluene) detected in on-site samples which were within ten times the
concentration detected in field or trip blank samples were not
included in the analysis. This screening method is used because
chemicals detected in blank samples and on-site samples may not be
actually present in the media sampled. Likewise, uncommon
laboratory contaminants (i.e., chemicals not considered above)
detected in on-site samples which were within five times the
concentration detected in field or trip blank samples were not
included in the analysis (EPA 1989a). These chemicals were flagged
with a *B* qualifier by the data validator and were deleted from the
RI monitoring database. One particular chemical of potential
concern deleted from the groundwater database due to field and/or

lab contamination was lead. The 1levels of lea:%\, geégég% i;‘n
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monitoring well samples, however, were well below the Federal
Maximum Contamination Level (MCLs) for lead of 50 ug/L.

Monitoring data qualified “unreliable” with a “R* was based on data
validation procedures were deleted from the RI monitoring database.

Detection limits (DL) that exceeded two times the maximum detected
concentration of a chemical were not included when estimating mean
concentrations for the site, but were inciuded when estimating the
frequency of detection. For example, if a chemical was not detected
in one sample and the DL was 100 ug/L and the maximum detected
concentration at the site was 10 ug/L, then the DL was not included
when calculating various statistics since the DL would bias the
results.

One-half the reported DL was used as the concentration for
monitoring data qualified with an *U* or "tJ* (i.e., a non-detect).

Chemicals that were never detected in a given media were deleted
from the RI monitoring database.

Laboratory variance tends to be normally distributed; therefore, the
arithmetic mean (and not the geometric mean) was used to combine the
split and duplicate samples. If a chemical was not detected in one
sample but detected in the split sample, then the chemical was
considered to be detected in the combined sample for the purpose of
calculating frequency of detection.

For certain chemical groups, toxicity criteria were only available
for certain chemical constituents from the chemical group. Thus,
the concentrations of chemical constituents from the following
chemical classes were summed for each sample: AB 3{}{}55 5
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~ alpha chlordanes and gamma chlordanes;

- endosulfans 1 and endosulfans 1I;

- DDT, DDE, and DDD;

- polychlorinated biphenyls;

- dioxin and furans; and

- carcinogenic polycyclic aromatic hydrocarbons (PAHS).

The total concentration for the above mentioned chemical classes
were calculated uysing an unweighted sum, with the exception of the
carcinogenic PAHs, dioxins, and furans. Thus, the toxicity of each
chemical in the chemical class were assumed to have the same potency
(with the exception of PAHs, dioxins and furans). The total
concentration of carcinogenic PAHs for each sample was calculated
using a weighted sum by applying toxicity equivalency factors (TEFs)
(Clement 1988). TEFs quantify the cancer potency of carcinogenic
PAHs relative to benzo{a)pyrene. For each sample, TEFs were
multiplied by the chemical concentration and then summed to derive
the concentration of benzo(a)pyrene (Equivalent). Available TEFs
for carcinogenic PAHs are presented in Table 6-1. Essentially, the
same approach was used to sum dioxin and furan congeners to estimate
the 2,3,7,8-TC0D (Equivalent) concentration for each sample. TEFs
used to estimate 2,3,7,8-TCDD (Equivalent) concentrations are
_presented in Table 6-2.

various summary statistics were calculated for each chemical

AR300556
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Table 6-1

felative Toxicity Eguivaiency Facters (TEFs)
Derived for Carcincgenic PAHs (a)

Carcinogenic PAH TEF
Anthanthrene 0.320 (b)
Benzol{a)pyrene 1.0
Benzo(e)pyrene 0.004 (b)
Benzo{a)anthracene 0.145 (c)
Benzo(b}f luorantnens 0.140 (b)
Banzo{3)f lucranthene 0.081 (d)
Benzo(k}f luoranthene 0.066 (b)
Benzo{g.h. i)peryiene 0.022 {b)
Chrysene 0.0044 (e)
Cyclopetadieno{c.d}pyrene 0.023 (d)
Dibenz(a,h)anthracens 1.11 {e)
Indeno {1,2.3-c.d) pyrene 0.232 (b)
Syrene 0.081 (f)
{a) Adopted from ICF - (lement {1988),

{b) Deutsch-wWenzel et al. (19B3).

{c) Bingham ano Falk (1963).

{d) Habs et al. {1980).

(e} Wynder ang Hoffmann (1339).

(F) Wislockt et al. {1988).
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Tabie 6-2

Relative Toxicity Equivaisncy Factors (TEFs)
ferivea for 2,3,7.83-TCD0{a)

Isomer

TEF (a)

2378-TCDD
Other TCDD
12378-PeC00
Other PelDD
123478-HxCDD
123678-HxCDD
123785-HxCDD
Other nxCDD
1234678-HpCDD
Cther rplDD
GCDD
12378-TCOF
Qther TCOF
12378-PelDF
23478-Pe(DF
Other PeCDF
123478-HxCOF
123678-HxCDF
234678-HxCDF
123789-HxCDF
Other HxCDF
1234678-Hp(OF
1234788-HpCOF
Other HpCDF
OCDF

OO0 O0O00OO0OOOOLOAOSOOODODEDOCE M
B PRI PR - . PR .

—

Q1
.00l

(a}

International Toxicity Eguivalency Factors 1385.
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Table &~3

Summary of Chemicals Detected in
Grounawater at the Havertown PCP Site

Concentration Data
{un1ts: ug/L)(d)

- SF Risk D Risx Human Frequency of Minimum Gepmetric Maximum
~ampoung factor {a) Factor {n} Nutrient {c) Detection Jetectea  Mean Detected
Organics:
Acetone - 1% No 1721 3.0 7.8 4.0
$8enzens <l% -~ - -No 13/28 1.0 i1.0 270.0
Z-Butangne - <i% No 1/28 3.0 NC 3.0
Carbon Disulfide -- <i% Ne 1728 3.0 2.5 3.0
Chlorsethane 1% -- No 1/28 5.0 AC 5.0
Ji-n-gutyiphthalate -- <i% Ko 2/24 .5 NC .g
Di-n-octyiphtha jate - - No 1/26 .3 NC .3
#hibenzofuran . -- N - Ko 7/27 1.0 33.0 1,300.0
91,2-Dichigroethene {total) -= <1% No 12/28 1.0 15.9 270.0
Rieldrin <i¥% <1% No 1728 N .2 .8
Endosuifan 11 - <i% ho 1/28 3.9 .2 3.5
Ethy} Benzene -- : <1%  Np . . 1/28 160.0 6.0 160.0
$ois Z-Ethzihexyi)phthaiate <i% <l% No 2/17 37.5 8.0 100.5
d-Methyi-Z-pentanone -- == - No i/28 2.0 NC 2.0
Methylene Chiorige <% <1% o 4721 14.5 3.9 530.0
folycyclic Aromatic Hydrocarbons
#7-Methy inapntha lene - - -- - No 18728 7.0 88.0 21.000.¢0
$Acenapnthene -— -- No 7/27 .B 32.0 1,700.0
Sicenapnthy lene - - - - -No a/28 2.0 6.7 16.0
sAnthracens -— - No 6/27 4 33.0 1.800.0
Osenzosa%anthra:ene - -- No 2/27 25.0 17.0 190.0
$fenzolajpyrsne {fquivalent}{e}20.0% -- No 727 .2 3.0 741.9
$Chrysene -- -- - No 1/27 240.0 30.0 240.0
oF Tuoranthene -- <% No 3/27 3 32.0 810.0
Fluarene - <l% No 8/28 1.0 38.0 2.900.0
$Haphthaiene -- 2.8% No 18/28 4.9 85.0 24,000.0
tPhenanthrene - we Ko 12/28 .7 30.0 12,000.0
Pyrene -= - - No £/27 .5 35.0 1,300.0
#Pentachiorophencl 21.8% 1% No 24/28 14.0 §70.0 80,000.0
42.3,7.8-TCDD (Equivaient)(f) 58.4% 96.3% No 23/28 0.001ppt O.ngpt I73.7gpt
Toluene -- <1% No /a8 Z.0 .6 92.0
#Tricnioroethens <1% <1% No 13/28 .0 17.0 830.0
#Vinyl Chloride <l% == - - No 5/28 3.0 6.3 16.5
Xyienes {total) -- - <% No 17/28 2.0 34.0 1,700.0
Ingrganics:
#4 juminum - -- No 12727 il.4 30.0 2.350.0
$Arsenic <1% <% No 11/28 2.0 2.2 28.0
Barium -— <% No 28/28 21.0 65.0 357.0
Cagmium - - el% No 1/28 3.4 1.5 3.4
Caicium - - - - Yas 28/28 13,400.0 32,000.0 110.000.C
Chromium -- - o<l% No 1/28 2.6 3.2 2l.B
Cobalt -- .- ) 28/28 6.4 38.9 413.0
Copper - <l% Yas 3/28 3.8 1.8 13.8
Iron - -- Yes ~27/28 31.7 2.500.0 31.,400.0
Magnesium - - - - Yas . 28/28 7.980.0 15,000.¢0 81,800.0
SManganese - <1% No 28/28 28.5 5,200.0 22.600.0
Nickel -- <1% No 9/28 6.3 5.3 64.7
Fotassium -- -—- - - Yesg 2d/28 1.380.0 5.700.0 22.080.8
Sogium _ -- Co e -Yag 28/28 8,180.0 27,000.0 137,000.0
Trallium - <1% No 1/28 - 4.2 1.3 4.2
Vanadium -- <% No . 3/28 2.8 1.7 3.8
Zinc - <1% Yas 7 33.2 100.0 243.¢
RC— 5t calcuidted ] )
¢ Chemicals of potential concern
-~ No toxicity criteria .
{a) Percent contribution of carcinogenic risk bDased on the exposure point concentration and the slope factor
(see text far further discussion). . )
{b} Parcent cugtrvbu:ion of non-carcincgenic risk based on ths sxposure point concentration and the RfD {see text for further
giscussion),
{e} Compound is an essential human nutrient., Concentrations of compound would resuit in exposures that are iess than
tha Recommended Daily Allowance (RDA). ) _ . 3
{d) Gata analyzed according te data screening procegures outlined in Section 6.1.2.1. Frequency of detection is the number of
detected concentraticns divided by the number of samples {which may vary due tc biank relatﬁ ﬁ%rgg% S-lxmmn anc
maximun concentration may be the average of duplicate samples. . ] J
{e} Concentrations of anthracene, benzo{a}anthracene, chrysene, and pyrene were summed using Texicity Equivalency Factors
(TEFs) to caiculate tota} benzo%a)pyrenc equivalents.
(f} 2.2,7.8-TCDO0 (Equivalent) calculated by summing dioxin and furan congener data using 2.3,7,8-TCDD TEFs.

v
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Table 6-4

Tentatively |oentified Compounos (TICs)
Detecteg 1n Grounawater at the havertown PCP Site

TIiC Range of Concentrations
{ug/L)
Alkylbenzene 4-3,600
Banzofuran 3-8
1.2-0imetnyinapntnalene 4.2-77
1.3-Dimethyinaphthaiens 3.2-18
1.4-Dimathyinaphthalens 46
1.5-Dimethyinapnthalena 3-57
1.7-Dimethy Inapnthaiena 4.3
1,8-Dimethy Inaphtha lene 7-51
2.3~Dimethyinaontha lens 3
2.5-Dimethy lphenanthirene 18-30
Ethenyimethyibenzene k1
2-Ethyl-1,1-biphenyl 26
I-Ethylidenenaphthalene 21
1-Ethy1-2-methylbenzens 13-180
1-Ethyl-4-mathylbenzens 88
2-Ethyinaphtha lene 29
Hexagecanoic acid 6
1-Methylanthracene 42
2-Methylanthracene 27
Mathyleyclopentane 78
§-Methy1-3H-f lugrene 26
i=Methy Inapntha lene 5.2-15
3-Yethylphenanthrene 29
2.3.5.8-Tetrachlorooneno? 3-8
Tatramethy Ibenzene 14-33
1.2.3-Trimethyibenzene 8-40
1,2.4-Trimethy ibanzene 12
1,3.5«Trimethyibenzene 110
1,4,5-Trimethylnapnthalane 3-47
1.4,6-Trimethy Inaphthalene 1-32
1.6,7=-Trimathyinaphthalene 26
2.3.6-Trimathylnaphthalene 26
Unknown compound 6-10&? 33 8 5 _6_§
Unknown hydrocarbon 6-1600
Unknown PNA 17
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detected in a given media including: frequency of detection, geometric means, and
range of detected concentrations. Most chemical distributions in nature tend to
be Tognormally distributed except for abundant metals such as aiuminum and iron
{Connor and Shacklette 1975, Dean 1981, Esmen and Hammad 1977, and Ott 1988).
Theoretically, the geometric mean represents the median {i.e., 50 percentile) of
the chemical distribution. Other statistics from the chemical distribution were
used to estimate exposure point concentrations for the purpose of estimating
exposure. The methods used to estimate these statistics {e.g., the 95th upper
confidence limit on the arithmetic mean) are presented in Section 6.1.3.2.

6.1.2.2 Methods for Selecting Chemicals of Potential Concern

Only a subset of the chemicals detected at the site were selected as chemicals
of potential concern for further evaluation in this report. Generally, chemicals
of potential concern are selected based on an evaluation of background
concentrations; risk factors which quantify the relative percent contribution of
risk; low human toxicity (i.e., essential human nutrients); and to some extent
frequency of detection. In addition, tentatively identified compounds were not
selected as chemicals of potential concern and; thus, were not quantitatively
evaluated in the report (these chemicals were qualitatively evaluated, however).
In order to be conservative, chemicals which are not essential human nutrients
and appear to be elevated above background levels, but do not have available
toxicity criteria, were selected as chemicals of potential concern. The
uncertainty associated with not being able to quantitatively evaluate these
chemicals in the risk assessment will be discussed in the sections to follow.

The methods used to select chemicals of potential concern for the Havertown PCP
site are discussed below.

Background Comparison - Comparing chemical concentrations detected at the site
with background concentrations is important in order to properly delineate
whether certain chemicals of concern are associated with site activéﬁ%s é’éggl

- S
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natural background. The presence of certain inorganic chemicals detected at the
site may be due to natural background, while certain organic compounds such as
PAHs may be due to anthropomorphic activities (e.g., incomplete combustion of
alkanes in automobiles may form PAHs). For the Havertown PCP site, however,
site-specific background concentrations were not available.

For groundwater, monitoring wells located slightly upgradient from the site had
significant organic contamination which is characteristic of the Havertown PCP
site. No additional upgradient wells were identified for sampling purposes
during the RI. In addition, m--itoring wells downgradient from the site also had
significant contamination wh: showed that they may be influenced by contaminant
releases from the site. Thus, no groundwater background samples were available.
Lack of site-specific background samples for this site, however, does not impact
the results or conclusion of the baseline risk assessment because inorganic
compounds did not significantly contribute to carcinogenic risk nor
noncarcinogenic risk, as discussed in sections to follow. Unlike the inorganic
compounds, PAHs did significantly contribute to the risks presented in this
report. Although PAHs may be present at some sites due to anthropogenic causes,
the disposal history of the Havertown PCP site indicates that it is the source
of PAH contamination in the area.

For surface water and sediment, the Havertown PCP site is located at the
headwaters of Naylors Run. Stations located upstream of the catch basin may be
influenced from surface water runoff. In fact, the highest detected levels of
certain carcinogenic PAHs were found upstream of the catch basin. Thus, no
upstream locations were available for sampling. Unlike groundwater, inorganic
compounds such as arsenic, chromium, manganese, and thallium did significantly
contribute to the risks associated with sediments in Naylors Run, as discussed
in the sections to follow. Due to the lack of site-specific background, it is
uncertain to what extent the site contributed to these compounds found in Nayiors
Run.

'ABSBOSSG
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Risk Factors - Of those chemicals considered to be elevated above background,
only those which may significantly contribute to carcinogenic and noncarcinogenic
risks were selected for further evaluation in this report. Chemicals which would
significantly contribute to estimated risk were identified by calculating the
percent contribution of carcinogenic risk and noncarcinogenic risk (EPA 1989a).
Chemicals which contributed greater than 1 percent of the total carcinogenic risk
or noncarcinogenic risk were selected as chemicals of potential concern. This
method can be used for any exposure pathway, since the same exposure parameters
would be applied to all chemicals.! As previously discussed, detected chemicals
without available toxicity criteria were selected as chemicals of potential
concern in order to be conservative. Chemicals detected in groundwater with
toxicity criteria which contributed less than 1 percent of the total risk, but
exceeded available Applicable or Relevant and Appropriate Requirements (ARARs)
for drinking water (e.g., Federal Maximum Contamination Levels [MCLs]) also were
selected as chemicals of potential concern.

Slope factors and reference doses (RfDs) used to calculate risk factors were
obtained from the Integrated Risk Information System (IRIS) (EPA 1991b) and the
4th Quarter Health Effects Assessment Summary Tables (HEAST) (EPA 1990c). These
sources are discussed further in Section 6.1.4 of this report.

The percent contribution of carcinogenic risk for each detected chemical was
calculated using the following equation:

EPC, * SFy . .40

%CCRi =
I EPC, * SF,

»

F=1

1 The only exception to this rule is when the exposure estimate is
dependent on the physicochemical properties of each chemical {e.g..

dermal permeability). AR300561
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%CCR, .= Percent contribution of carcinogenic risk for chemical,;

EPC;, = Exposure Point Concentration for chemical, (see Section
6.1.3.3 for discussion of the derivation of exposure
point concentrations); and

SF, = Slope Factor for chemical,.

The denominator of the equation sums the risk scores (i.e., exposure point
concentration for chemical; multiplied by the slope factor for chemicaly) for all
chemicals with available toxicity criteria.

The percent contribution of noncarcinogenic risk for each detected_chemica] was
calcuiated using the following equation:

- EPC,/RED,

$CNR, = * 100

By
I EPC,/RfD,
J=1

where:

%CNR, = Percent contribution of noncarcinogenic risk for chemical,;

EPC, = Exposure Point Concentration for chemical, (see Section
6.1.3.3 for discussion of the derivation of exposure
point concentrations); and

RfD, = Reference dose for chemical,.

The denominator of the equation sums the noncarcinogenic risk scores (i.e.,
exposure point concentration for chemical; divided by the RfD for chemical;) for

all chemicals with available toxicity criteria.

. As recommended in EPA (1989a) guidance, tentatively 1“%}'{1?5 50gp§t§|ds
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(TICs) were not selected as chemicals of potential concern for
quantitative evaluation, rather TICs were evaluated qualitatively in this
report.

. Inorganic compounds considered essential human macronutrients (i.e.,
calcium, iron, magnesium, potassium, and sodium) have low toxicity to
humans and thus were not selected as chemicals of potential concern.
Micronutrient inorganics such as copper and zinc have slightly higher
toxicity than do the macronutrient compounds and were evaluated in a
similar manner to other chemicals detected at the site.

. Certain chemicals that are, detected infrequently (i.e., less than 5
percent) at concentrations below the detection limit also were not
selected as chemicals of potential concern. However, if the chemical
significantly contributed to risk or the maximum concentration exceeded
ARARs, then the chemical was selected as a chemical of potential concern.

Chemicals of potential concern selected for groundwater, surface water, and
sediment from Naylors Run and the storm sewers are presented in the following
sections.

6.1.2.3 Groundwater

Groundwater samples were collected from 28 monitoring wells of which 18 were from
6 cluster wells (a well cluster consists of 3 wells installed in the shaliow,
intermediate, and deep zones of the agquifer). Eleven wells are located on the
National Wood Preservers (NWP) site, while the remaining wells are located on the
Philadelphia Chewing Gum (PCG) site or further downgradient of the site near
Naylors Run. These wells are installed in different zones of the same aquifer
system and there is little difference in elevation between the screening levels
of these wells, All of the monitoring wells were analyzed collectively for the

purpose of selecting chemicals of potential concern. However.ﬁ ﬁr%ys t‘egé 9
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installed in the saprolite and deep bedrock of the aquifer were evaluated for the
purpose of estimating exposure and risk. As previously discussed, wells
hydrogeclogically upgradient from the NWP site still had significant levels of
organic contamination; therefore, these wells could not be used for evaluating
site-specific background for groundwater. Only monitoring data from sampling
Round 2 were validated for use in the risk assessment. Monitoring data from
Round 1 sampling were used for screening purposes only. 1In general, monitoring
data from Round 1 sampling was similar to levels found in Round 2. Further
movement of the plume was evident by increased detection of chemicals of
potential concern in the farthest downgradient well locations (see Section 4 of
this report for further discussion on Round 1 versus Round 2 sampling).

Table 6-3 presents chemicals detected in groundwater monitoring wells at the
Havertown PCP site. Chemicals of potential concern identified in Table 6-3 were
selected based on the criteria presented in Section 6.1.2.2. The most commonly
detected organic chemicals in groundwater included pentachlorophenol (PCP) and
PAHs. Of the chemicals detected with available toxicity criteria, benzo(a)pyrene
(Equivalent), PCP, and 2,3,7,8-TCDD (Equivalent) contributed to more than 99
percent of the relative cancer risk. Naphthalene and 2,3,7,8-TCOD (Equivalent)
contributed 99 percent of the relative noncancer risk. The highest detected
concentrations for these organic chemicals were found in monitoring wells
directly downgradient of the NWP site (HAV-02, HAV-04, and R-2). Inorganic
chemicals did not appear to contribute significantly to the potential
carcinogenic and noncarcinogenic risks. This may indicate that the lack of
background data for groundwater may not contribute significantly to the overall
conclusions of the groundwater risk assessment. TICs detected in groundwater
samples are presented in Table 6-4. The majority of the TICs consisted of alkyl
benzene compounds and PAHs, particularly alkyl naphthalene. The presence of
these chemicals is consistent with the disposal history of the site.

6-15
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6.1.2.4 Surface Water

During the first round of sampling, surface water samples were collected from
five locations in Naylors Run downstream from NWP and three locations in stom
sewers jeading to Naylors Run (see Section 4 for further discussion of sampling
locations). No samples could be collected upstream of the NWP site given that
the site is located at the headwaters of Naylors Run. Thus, there were no
background samples to determine water quality independent of possible site
contamination. Overall, higher contaminant concentrations were measured in the
storm sewer than in Naylor Run. The decrease in chemical concentrations may be
due to dilution or volatization.

The second round of surface water data was collected primarily to fill data gaps
for conducting the aquatic ecological assessment. These data were incorporated
into the ecological assessment. In general, the levels of PCP and dioxin were
significantly lower further downstream.

Naylors Run Surface Water - Table 6-5 presents chemicals detected in surface
water from Naylors Run. Chemicals of potential concern identified in Table 6-5
were selected based on the criteria presented in Section 6.1.2.2. With the
exception of PCP, most samples contained concentrations of organics at or near
the detection limit. As shown in Table 6-5, PCP and 2,3,7,8-TCDD (Equivalent)
are the principal carcinogens of concern in surface water (contributed over 90
percent of the relative carcinogenic risk). Other compounds which had
significant risk factors for this media include heptachlor epoxide, dieldrin, and
benzo(a)pyrene (Equivalent). 2,3,7,8-TCDD (Equivalent) contributed over 90
percent of the relative noncarcinogenic risk associated with surface water. The
highest detected concentrations of PCP and 2,3,7,8-TCDD were found in the sample
collected from the catch basin (NAY-AQ-03). The inorganic chemicals detected in
surface water are generally not considered to be carcinogenic; therefore, the
relative carcinogenic risks for these chemicals were not be calculated. Levels
of manganese and thallium in surface water indicate that these inorganics may be
significant chemicals of potential concern. AR300 557
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“able 6-5 .

Summary of {hemicals Detectea 1n .
Nayiors Run Surface water at the havertown P(P Site

Zoncentrition Data
\units: ugvl}{d)

5F Risk D Risk Human Frequancy of Minimum Geometric Maximum
~ampouna B Factor {a) Factor {bn) Nutrient (c¢) Jetection Jetectea  Mean Detected
Srganics:
Acetone - <l% No 1/1 7.0 NC 7.0
gamma~-8HC <1% -- No 1/5 .1 .0 .1
Benzens <l% -- No 3/8 10.5 3.9 31.0
4,4'-00D <% <% No 275 .2 1 -4
1.2-Dichloroetnane (total) - <i% No /5 2.3 2.6 3.0
ieldrin 2.7% <1% No 2/5 .1 .1 .3
Ethyl Benzene -- <l% No 3/5 5.0 3.0 33.0
bis{2-Ethythaxyl)phthalate <l% <l% No /1 4.0 NC 4.0
sHeptacnlor Epoxige 3.4% 1.3% No i/5 .3 1 .8
Mathylene Chlorige <1% <l No /1 13.0 NC 13.0
*Pyrene - -—- - . No 1/5 4.0 RC 4.6
*Benzo{a)pyrene (Egquivalent)(e) 1.3% - No 1/5 .3 NC .3
Fluorene - <% No 1/5 2.0 NC 2.0
$Pentacnloraphenc! 69.8% 1.2% No 5/5 18.0 160.0 1,200.0
$2.3.7.8-TCDD {Equivalent)(f) 21.8% 92.0% Ne 2/% 0.002ppt 0.23ppt 0.30ppt
Toluene -~ <1% No 1/5 3.0 2.8 3.0
Trichloroethens <l% 1% No 2/5 7.0 3.8 7.0
Xylenes (toral) -- 1% No 3/5 44.0 23.0 .o
{norganics:
A luminum - -- No 3/5 53.8 43.0 147.0
Barium -- <i¥ No 5/5 25.8 §5.0 87.5
Calcium - - Yas 5/8 15,700.0 22,000.0 28,400.0
Chromium - <]% No 1/5 4.2 1.8 4,2
4Cohait - -- No 3/5 29.8 14.0 37.8
Iron -- - Yes 4/4 '~ 828.0 3,500.0 7.920.0
$Lead - -— No 5/5 2.3 5.5 12.9
MHagnesium - -- Yes 5/5 3.570.0 9.400.0 14,000.0
sManganese -- 3.1% No 5/5 zza.¢  2,500.0 10,100.0
Potassium - -- Yas 5/35 3,780.0 4,600.0 5,070.8
Sitver - <1% fNo 1/5 3.2 2.2 3.z
Sedium -- -- Yes 5/3 13,700.0 2l.000.0 30.500.0
$Thallium - 1.5% No 3/5 2.2 1.8 3.3
Zinc : T -- <l% Yes 2/2 41.2 NC 74.1

aC
[ ]

Not calculated
Chemicals of potential conern

No toxizcity ecriteria

Percent contribution of carcinogenic risk based on the exposure point concentration and the sliope factor

(see text for further discussicon).

Percent contribution of nan-carcinsgenic risk based on the exposure point concentration and the RfD (see text for further
discussion). . ‘
Compound is an essential human nutrient. Concentrations of compound would result in exposures that are less than

the Recommended Daliy Allowance {RDA}.

Data analyzed according toc data screening procedures cutlined in Saction 6.1.2.1. Freguency of detection 1s the number of
detected concentrations divided by the number of sampies (which may vary due to blank related contamination). Minimun and
maximum concentration may be the average of duplicate sampies. L

Concentration of pyrene multiplied by Toxicity fquivalency Factor ﬂ R 3 g {} S 6

(TEF] to estimate henzo{a)pyrene (Equivaient). Sl il
2.3,7,8-TCDD (Equivalent} calculated by summing dioxin and furan congener oata using -
2.3.7,8-TCDD TEFS.
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Storm Sewer Surface Water - Table 6-6 presents chemicals detected in surface
water from storm sewers. Chemicals of potential concern identified in Tabie 6-6
were selected based on the criteria presented in Section 6.1.2.2. Most organic
chemicals were detected in the storm sewer samples at relatively low levels as
compared to groundwater, Based on the risk factor calculations, PCP and 2,3,7,8-
TCDD (Equivalent) appear to be the primary chemicals of potential concern in
storm sewer surface water. Of the inorganic compounds detected in storm sewer
surface water samples, arsenic and manganese appeared to be the primary chemicals
of potential concern.

The TICs detected in surface water at the Havertown PCP site are presented in
Table 6-7. The majority of the TICs consisted of alkyl benzenes and PAHs. The
presence of these compounds is consistent with the disposal history of the site.

6.1.2.5 Sediments

Sediment samples were collected from the same six sites in Naylors Run as were
the surface water samples. In addition, two sediment samples were collected from
storm sewers. One storm sewer sediment sample was collected on the north east
corner of the NWP property close to Naylors Run, while the other was collected
_behind the PCG plant, approximately 250 feet before it empties into Naylors Run.
Many of the organic chemicals, particularly PAHs, were found at higher
concentrations in Naylors Run sediment samples as compared to stormAsewer
samples. In addition, some of the highest detected concentrations of PAHs were
found upstream from the catch basin. This may indicate that surface water run
off from the NWP site may be a significant source of PAH contamination in Naylors
Run.

The second round of sediment data was collected primarily to fill data gaps for
conducting the aquatic ecological assessment. These data were included in the

AR300569
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epie 5-5

Summary of Chemicais Detectee n
Storm Sewer Surface water at tne navertown PCP Site

Concentration Data
Wwnits: ugsL){d)

] 5F Risk fD Risk Human Frequency of Minimum Geemetric Maximum
Zemgound Factor (a} Factor (b) Nutrient {g! Detection Detectea  Mean Detecte:
Zrganics:
Acerone -- <l¥% No /2 140.0 NC 140 ~
$Benzene 1.0% .. No i/3 120.0 9.1 120.¢
Beanzoic asa - <l No 273 2.0 NC 18.L
Benzy! alcone! - <% No 1/3 8.0 NC B.0
3romaaicnioromethane <ly <l% Ao 1/3 1.3 NC 1.a
Z2-8utanone -- <1% Ko 1/2 80.0 NC 80.¢
“hioroform <i% <% No 173 1.0 NC 1.1
£thyl Senzene - <i% No 1/3 110.0 8.8 11¢.0
#z-Metnyinapntnaiene -- - 5o 3 2.0.% 2.0 110.8
Naontha iene -- <l% %o w3 "Z.5 NC 2.t
#Phenantnrens -- - - No i/3 8.0 7.8 S
#Pentacnioroonenal §8.9% J 4 No 1/3 2.100.0 110.0 0
2,3.7,8-TC00 (Equivaient) 2B.7% 96.8% No 1/3 5.703pot NC
Trichioroathnene <1% <l% No 1/3 16.0 4.6
Xylenes {total) . <1% No 2/3 .5 15.0
.Torganics: -
A Tuminum -- - - - No 272 129.0 NC
®Arsenic 1.4% <l% No 1/4 3.0 1.3 3.(
#Barium - <l¥ No 4/4 32.0 £5.¢ 113.¢
Calcium - -- Yes 5/4 19.500.0 21.000.0Q £§7.100.0
Chromium - <l% tio 2/3 4.0 3.6 £.8
olobalr - -- No 1/3 60.2 3.9 60.z
Lopper -- L3¢4 Yes 2/4 14.9 5.4 24,1 -
iron -- - Yas 4/4 349.8 1,800.0 13,800.0
LIKCT 1o - - - - No 2/4 3.2 2.1 5.8
Magnesum - - Yes 4/4 9,330.0 11.000.0 12.800.C
$Manganese - 2.0% No 4/4 77.1 530.0 14,300.¢
Potassium -- -- Yes 4/4 1.,220.0 2.800.0 5.160.0
S1lver - <1% No 1/4 4.9 2.5 4.9
Sad1um - - Yes 4/4 20.900.0 26.00C.0 51.3200.(
Zinc -- <lX Yes 2/2 103.0 NC i75.0

S ot caicuiated o

¢ -nemig2is ¢f potential concern

== N0 TOXICIiy CTITEria

3] Parcent contribution of carcinogenic risk based on the exposure point concentration and the slcpe factor
rsee text for further aiscussion).

=} Percent contributicn of non-carcinogenic risk based on the exposure point concentration ang the RfD (see text for furtne
J1scUSSI00),

¢} Compoung 1s an essential human nutrient. Concentrations of compound would result in exposures that are Jess than
he Recommendea Daily Allowance (FDA).

1a) Data araiyzes accorging to data screening procedures outlined tn Section 6.1.2.1. Frequency of detection is the number ¢
getected concentrations divided by the number of samples (which may vary due to blank related contamination). Minimum ar

TaXIMUM CONCENntrarion may be the average of duplicate samples.
AR300570 @




Table &-7

Tentatively lgentif:ed Comoounas (TICs)
Detected 1n Surface water at the ravertown PCP Site

TiC Aange of Concentrations
{ug/L}
Alkenyipenzene 10-18
3.10-Anthacenediaone 110-200
{-Cyclohexy}-2-propanone 220
4H-~Cyc lopenta{def }phenantnrene 260-500
Jimetnybanzene 11
Jimethy ibenzenemethanol 26
pi1s{Dimethylethyi)phenol ) 18-23
Jumethy lathy ipheno! 1somer 10-12
N, N-Dimetny imathanamine 1-6
Jimetny Inapntha lane 16~31
Dodecanoic acid 58-210
2-Ethyl-1-hexanone T ' o ) 16
1-{4-Ethylphenyl}-ethanone ) 9.8-17
Fatty aciwd 4.2-69
Hexadecancic acid 310-1100
1.4-Methancnapntha len-9-01 12
Z2-Mathylbanzenemethang1 4.4-19
Molecular Sulfur 650
Prooy lbenzene 6.0-8.5
Tetracniorobenzenegho! ‘ 13-30
Tetracniorapnenci 18-48
Tetradecanoic acid 47
Trimethy lbenzens 7.4-34
Trimethy lbenzonemethano | 5.7-43
Trimathy inaphtha lens 5.8-18
Unknown 4.8-420
Unknown alcohol 24-31
Unknown Aldo} 150-610
Unknown Chlorinated Organic 22-32
tnknown hydrocarbon 4,1-250
Unknown FAH 150-610

AR30057 |
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ecological assessment. In general, significantly lower concentrations of

benzo(a)pyrene (Equivalent), dioxin, and heavy metals were found further
downstream.

Navlors Run Sediment - Table 6-8 presents chemicals detected in sediment from
Naylors Run. Chemicals of potential concern identified in Table 6-8 were
selected based on the criteria presented in Section 6.1.2.2. Based on the
carcinogenic risk factor, benzao(a)pyrene (Equivalent), 2,3,7,8-TCDD {(Equivalent),
and arsenic appeared to be the primary chemicals of potential concern in sediment
samples. The highest detected concentrations of benzo(a)pyrene (Equivalent) was
detected in Naylors Run directly downstream from the Eagle Road over-pass. The
highest detected concentrations of 2,3,7,8-TCDD (Equivalents) were detected along
Naylors Run in the catch basin area. Based on the noncarcinogenic risk factor,
2,3,7,8-TCDD (Equivalent) and several inorganic chemicals appeared to be the
primary chemicals of concern. The maximum detected concentrations of the

inorganic chemicals of potential concern were found at different locations along
Naylors Run.

storm Sewer Sediment - Table 6-9 presents chemicals detected in sediment from the
storm sewers. Chemicals of potential concern identified in Table 6-8 were
selected based on the criteria presented in Section 6.1.2.2. Based on the risk
factors presented in Table 6-9, arsenic appears to be the primary chemical of
potential concern in stormm sewer sediments. Benzo(a)pyrene (Equivalent) and
chromium also had significant risk factors. It should be noted, however, that
storm sewer sediment samples were not analyzed for dioxin and furan isomers.
Dioxin and furan are most likely present in stomm sewer sediments given the
Jevels detected in storm sewer surface water, Thus, 2,3,7,8-TCDD (Equivalent)
actually may be the primary chemical of concern in storm sewer sediment. There
is no complete exposure pathway associated with direct contact with storm sewer
sediments. Although storm sewer sediments may act as a potential source to
Naylors Run, sediments in Naylors Run were considered the point of exposure for
evaluating risk from sediments (dioxin was analyzed in Naylorg [q.tg geggxe’p?

- = e
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Tapie 6-8

. Summary of Chemicais Detected in
Mayiors Run Segiment at tne Havertown PCP Site

Cancentration Data (d)
{rganics: ug/Kg, inorganics: mg/Kg

- - _3F Risk 3FD Risk Human Freguency of Minwmum Geometric Maxwmur
~IMOQung FagIor ta) Facwer 1B hutrient (&) Jetection Jetecteg  Mean Catecte
rganics: )
Acetane -- - <% © No 274 22.0 25.0 650.
Aidrin <lhi <ih No L/B 22.5 23.0 22.
peta-8HC <% - No 246 i8.5 18.0 35.
2-Sutanone - coel¥ - No 2/8 17.9 12.0 120.
#aipha-Cnicrgane -- LRI i/8 L10.0 99.0 ild.
$gamma-Chlorgane -— - .- No 18 .30.2 190.0 130,
¢lhioroane (total) <% -y No i/6 240.0 250.0 240.
218(2-Chloroethyl)ether <l% - No 5/8 310.¢  1.000.0 3,200.
4,4"-00D ' <1% <1% No 2/6 43.0 28.0 51..
#Dtbenzofyran - ORI - 1/6 800.0 450.0 90g.
1.2-Dichlorooenzene -- <l% No 5/8 2.300.0 3.500.0 £3,000..
1,4-Dichlcropenzene <1% <% No 1/€ 1.100.9 480.9 1.100.
Dieldrin <1% <l Na 2/8 45.5 4.9 I5..
¢Endasuifan Sulfate - -- No 1/8 48.0 23.9 43.:
Enarin -- <l% No 1/6 33.0 22.0 43,
Ethyl Benzene -- - -<1% No 1/6 5.0 3.3 5.
bis(Z-Ethylhexyl)phthalate <1% <i¥% No 5/6 310.0 300.0 3,600.
sentacnlior <1% <l¥% No 1/6 160.0 i8.0 160..
Methyiena Chlorige <l <i% No i/1 81.5% RC 8l.
Jclycyciic aromatic Hyarocarpons
$Acenapntnans -- . No 1/6 .1.300.0 5§70.0 ..300.°
Sinthracene -- -- - - No 875 ¢ 120.0 g20.0 2.200.:
S8Benzc{a)anthracene -- -— No 5/6 290.0 1.700.0 7.800.:
48enzo(a)pyrene . - -- No B/6 340.0  1.700.0 7.900.;
9Benzo{a)pyrene (Equivaient)(f)82.1% .- No 6/6 1,558.6 6.800.0 28.9061.°
$3enzo{ o) fluaranthene - -- -~ -Ng 8/6 380.9 2.200.0 11.000..
OBenzol{g h.1)peryiene -- - No /6 487.3 550.0 1.100.:
#Benzc{x }f iuoranthens -~ -- No 6/6 320.0 2.300.0 10.600.:
Chrysene < - -No 6/6 440.0 2.500.0 11.000..
sDibenzo{a.hlanthracene -- -- No 378 412.5 §20.0 1,400.’
oF Tuoranthene - 1.3% No 6/6 780.0 4,600.0 21,000.
Fluorene - <l¥% No 3/6 300.0 570.0 1.800
4indena{l,2,3-c.d}pyrene -- -—- ‘No /6 822.5 780.0 1,800.:
#Phenanthrene -- - No 6/6 £70.0 2.500.0 20,000.0
Pyrene -- -- No B/6 980.0 4,000.0Q 14.000.:
Pentachloropnena | <% <i% No 4/8 810.0 1.400.0 3,000.:
92.3,7,8-TCO0 (Equivalent)(g) 4.7% 29.5% No 68/6 0.003 0.053 0.11¢
Toluene - - «<1% No 1/B 8.0 3.7 8.0
Xylenes (total) - <i% No 76 4.0 7.9 88.{
.noTrganIcs:
44 Tuminum - - - - fNo 8/6 3.800.0 5.300.G 7.130.0
SAntimony -- a.8% No 5/6 5.5 9.4 4,
SArsenic 15.6% 9.4% No 373 8.6 20.0 37.
#Barum -- 2.0% Ko 6/6 3&.0 32.0 415.
Calcwm - -— Yes §/6 13,600.0 26.000.0 6E.400.
eChromium -- 26.6% fNo 6/8 31.4 120.0 532.
oCobalt - - - - No 6/8 7.1 13.0 29.
Copper - <1% Yes 5/3 12.3 5.0 139.
[ron - -- Yes 6/8 10,300.0 22.000.0 £2,500.
dLead - -— - - Nao 5/% 12.0 49.0 694.
Magnes 1um - - Yes 6/6 6,310.0 15.,000.0 34,100.
$Manganese - 11.9% No 6/6 399.0. ,000.0 ,750.
Nicke! -- <% Na 5/8 14.4 18.0 43,
Potassum -- -=— - --Yag 6/6 1,055.0 1.500.0 2.160.¢
Sodium -- -~ Yes 6/6 51.2 120.9 500.¢
#Thallium -- 3.6% g 216 .8 .5 1.¢
$vVanaagium - 4.2% No 6/6 20.5 50.0 118.¢
Zinc . - <1% Yes 6/6 85.5 140.0 243.(

by
(a)
{6)

{c]
(d}

(g)

RoL caiculated

{hemical of potential concern

No toxicity criteria )

Percent contribution of carcinogenic risk based on the exposure point concentration and the slope factor

{ses text for further discussion), )

Percent ccqtribution of non-carcinogenic risk based on the exposure point concentration and the RfD {see text for furthe
disgussion].

Compound 15 an sssential human nutrifnt. Concentrations of compound would result in exposures that are jess than

the Recommengeg Daily Allowance {RDA}. )

Data analyzec according to data screening procedures ocutlined in Section 6.1.2.1. Fregquency of detecticn is the number «
detected concentrations divided by the number of sampies (which may vary due to blank related _cantamipatic Minimum ar
maximunm concentration may be the average of duplicate samples. :? :3
Concentrations for alﬁha-and gamma-ch lordanes were summed to calculate total chlordames. 7 "' A
Concentrations of anthracsne benzo(a)anthracene, benzo(a)phrene, benzo(b)f louranthens. s
benzelg,h,1)perylens, benzo{k)fluorantnene, chrysene. dibenZo(a.h)anthracene,

inasnoll.2.3-c.dipyrene, and phyrene were sutmed using foxicity Equivalency -
Factors (TEFs) to caiculate total benzo{a)pyrene equivaients, - -
2.3.7.8-1C00 {equivalents) calculated by summing dioxin and furan congener data using 2.3,7.8-TCDD TEFS.
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Table -2
Surmary of Chemicais Detected n
b Storm Sewer Sediment at the Havertown PCP Site
Concentration Data (a)
‘(Drgamcs: ug/Kg, Inorganics: mg/
SF Risk RfD Risk Human Frequency of Minimum Maxim
Sompournd Facter (a} Factor (b} HNutrient (c! Detection Detecteg Detect |
Jrganics:
Aldrin <1% <1% No 1/2 13.0 i
8enzoic acid -~ 1% No 1/2 270.0 27¢
Butylbenzylipnthaiate - <1¥% No 1/ 860.0 860.0
aIpha-Chlorgane - -- No 1/2 22.0 22.0
gamma-Chiorgane - -- No 1/2 29.0 2c
Chlordane {total){e) <1% <1% No 172 51.0 51 1
eDibenzofuran - -- No 1/2 69.0 69.0
bis(2-Ethy Thexyi)phthalate <l% <1% No 2/2 260.0 720.0
Polycyclic aromatic nyarocartons
¢Acenapnthene - - No 1/2 95.0 . 9t |
SAcenaohihylene -- -- No /2 280.0 280.v
sAnthracene - -- No 2/2 270.0 470.0
s8enzo(a)anthracene - -- No 2/2 710.0 1,200 9
8Benzo(a)pyrene - - o 2/2 620.0 BAC
$2enzo(a)pyrene {Equivaient) £ 5% -- No 2/2 2.011.5 . 3,671..
tBenzo(bh)fiuorantnene -~ -- No 2/2 6§20.0 1.300.0
#8enzolg.h, ijperyiens -- - fNo 2/2 370.0 870 n
t8enzoik)f luoranthene - -- Ko 2/2 520.0 1,4QC
$Chrysene -- -- No 2/2 890.0 1,80C ¢
¢0ibanzo(a,h)anthracene -- -- No 2/2 87.0 210.0
Fluoranthene .- <l% Ne 272 1,200.0 1,500.0
Fluorene - <% No 1/2 150.0 1s¢
#Indeno{1.2.3-c.d}pyrene - - No 2/2 440.0 1.100
$Phenanthrene -~ - No /e 1,100.0 1,500.0
$Pyrene - - No /2 560.0 1,
#Pentach ioraphengl <i% 1% No 1/2 20,000.0 znd
Tricnloroetnene 1% <% No 2/2 3.0 }
Inorganies: .
A Tuminum -— - No /2 7,320.0 12.900 7
SArsenic 83. 7 71.3% Ho 2/2 1.3 42F
Barium - <1% No 2/2 115.0 137 9
Beryllium <l% <1% No 2/2 B .8
Cacmium - <l% No 1/2 1.2 12
Caicm - -- Yes 2/2 61,900.0 71,80C ¢
$Chromium -- 22.0% No 2/2 99.8 85¢€
#Cobalt - - No 2/2 4.7 10.7
lopper - <1% Yes 2/2 41.0 2i8.L
iron - - Yes 2/2 18.700.0 21,000
SLead - - No 2/2 30.3 22¢ .
Magnesium -— - Yes 2/2 27.700.0 44,800.C
sManganese - 2.1% No 2/2 373.0 1.230.¢
WMercury - - Ko 1/2 .2 M
Nickel - 1% No 2/2 8.9 2: .
Potassium -- - Yes 2/2 883.0 3,480,
Silver - <1% No 2/2 1.9 2.5
®Vanadium - 1.1% No 2/2 35.8 47 5
#Zinc - 2.0% Yes 2/2 102.0 2,380 )

. themicals of potential concern

-~ Ho tox1itity Criteria

{a) Percent contribution of carcinocgenic risk based on the exposure point concentration and the slope factor
{see text for further discussion).

{b) Percent contribution of non-carcinogenmic risk based on the mxposure point concentration ind the RfD {see text for further
discussion).

{c] Compound is an essential human nutrient. Concentrations of compound would result in exposures that are less than
the Recormenced Daily Allowance (RDA).

{d) Data analyzed according to data screening procedures outlined in Section 6.1.2.1. Fnﬁﬁﬁ%ﬁ? % the m’uf
detected concentrations divided by the number of samples (which may vary due to bilank relat tEnation). Mini ang
maximum concentration may be the average of duplicate samples.

{e] Concentrations of alpha-and gamma-chiordanes wers summed to calculate total chiordanes.

[f] Concantrations of anthracene benzo{a)anthracens, benzo(a)phrane, benzo(b)flouranthans, o
benzo(g,.h.i}peryiene. benzo(k)fluoranthens, chrysene. dibenrzo(a,h)anthracene.
indeno(1,2.3+c.d}pyrene, and phyrene were summed using Toxigity Equivalency

Factors {TEFs) to calculate total benze(a)lpyrene squivaients.
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Therefore, the lack of dioxin data for storm sewer sediments does not impact the
results or conclusions of the risk assessment.

The TICs detected in sediment at the Havertown PCP site are presented in Table
6-10. The majority of the TICs consisted of PAHs and chlorinated phenols. The

chlorinated phenols and related compounds (i.e., alkyl phenols) may be associated
with the breakdown of PCP.

6.1.2.6 Summary of Chemicals of Potential Concern

Table 6-11 1ists the selected chemicals of potential concern for all media at the
Havertown PCP site. Over forty chemicals were selected as chemicals of potential
concern for the Havertown PCP site including volatile organic compounds, PCP,
PAHs, pesticides, dioxins and furans, and inorganics. Of these chemicals, PCP,
PAHs, and dioxins and furans appear to be the primary chemicals of potential
concern in all media at the Havertown PCP site. Other chemicals selected as
chemicals of potential concern in all media included: aluminum, arsenic, cobalt,
and manganese. Several volatile organic compounds selected as chemicals of
potential concern were detected only in groundwater including: i,2-
dichloroethene, trichloroethene, and vinyl chloride. The exclusive presence of
~ these chemicals in groundwater may be due to their high water solubility, low
affinity for binding to sediment particles, and potential volatilization from
surface water to the air. The pesticides dieldrin and heptachlor epoxide were
only detected in Naylors Run surface water. The majority of the PAHs were found
only in sediment samples, probably due to their low water solubility and high
affinity for binding to sediment particles. Several inorganic chemicals of
potential concern including antimony, nickel, thallium, vanadium, and zinc were
selected only in Naylors Run. It is uncertain whether these chemicals are
actually associated with site related disposal. TICs identified in groundwater
and surface water consisted of alkyl benzenes and PAHs. TIC PAHs and possible
breakdown products of PCP were found in sediments. The presence of these TICs
is consistent with the disposal history of the site.

626 o= =7




6-27

-
Tanie 6-10
Tentatively igdentifieq Cempounas (TICs)
Jetected in Seoiment at tne navertown PCP Site
TiC Range of (Cancentrations

(ug/kg)
Alky inanntha lene ‘ 2,000
2enzo{b)nanhtho-thionens 690
Dibenzotmiopnens 150
Dimernyibiphenyl 1,300
Jimetnyinapntha lene 520-2,100
Dwmetny ipneno ] 290
pi1s{l.1-dmmethyl)pnenoi 21
Jwmetnyl PNA £50-830
Sthyimetnylbenzens 86
Farty acio i80-1,300
Ketone 27-1.200
Mathy ipropy ibenzene BG
Methyl PNA 480-550
Sulfur (mol.}{58) 220-510
Tetracnliorcpnenol 1000-1.'300
2.2.3,3,-Tetramethy lbutane 49-140
Trichlerophenct 680
Trimetnylbenzene 8.7-34
“rimétny inapntha lene 850-1.500
Jnknown 17-1,000
Unknown alkylbenzene 15-240
Unknewn nydrocarbon 14-7.800
Unknown xetone 300-1.200
Unknown PNA 360-3.800
Unknown Stergl 3,900-4.000
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Table 6-11 )
Summary of Chemicals of Potential Concern for the Havertown PCP Site

Nayiors Run Storm Sewer

Ground | Surface Sedi- Surface Sed%-
-Water Water ment | Hatgr” 1

Qrganics:

acenaphthene

acenaphthylene

anthracene

benzeneg

> o< < |
>
>

benzo{a)anthracene

benzo(a)pyrene

benzo{a)pyrene (Equivalent) X X
benzo{b)fluoranthene

benzo(g,h,i)peryiene
benzo(k)fluoranthene
bis(2-ethylhexyl)phthalate X
chiordane(Total)
chrysene X

< 1D [0 1>
P [ < |2 < |2

dibenza(a,h)anthracene

> > {>< 3¢

dibenzofuran

1,2-dichlorcethene
dieldrin X
endosulfan sulfate X

fluoranthene X X

heptachlor epoxide X

indeno{1,2,3-¢,d)Pyrene X X

naphthalene

2-methylnaphthalene

pentachiorophenol

phenanthrene

pyrene
2,3,7,8-TCOD (Equivalent)
trichlorgethene

> > jo< <
>
>

> > € |26 o€ |25 [2< |><
>

vinyl chloride
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Table 6-11(Cont.)

Summary of Chemicals of Potential Concern for the Havertown PCP Site . .
= S = T B e e ety — = e T

Naylors Run Storm Sewer

Ground | Surface Sedi- Surface | Sedi-
_ _-Water | Water ment Water | ment
Inorganics:
aluminum X X X X X
antimony X
arsenic X X X X
barium X X
chromium X X
cobait X X X X X
lead X X X
manganese X X X X X
mercury X
nickel X
thallium X X ¢
vanadium X X
zinc

AR300575 @
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6.1.3 Exposure Assessment

This section quantifies the magnitude, frequency, and duration of exposure from
chemicals released to groundwater, surface water, and sediment from the Havertown
PCP site. The exposure assessment for the Havertown PCP site was conducted in
accordance with available EPA (1990a, 1989a,b,c, and 1988a) guidance.

The first step in the exposure assessment process iS5 characterizing the
environmental setting of the site. The environmental setting consists of the
physical environment and potentially exposed populations. The physical
environment for the Havertown PCP site was discussed in Section 2 of this RI
report. The environmental setting of the Havertown PCP site will be further
discussed in Section 6.1.3.1 of the baseline risk assessment.

Identifying exposure pathways is the second step of the exposure assessment
process which includes: 1) evaluating chemical sources, release mechanisms, and
transport; 2) identifying possible exposure points; and 3) identifying the
exposure routes. Chemical sources, release mechanisms, and transport were
discussed in Section 5 of this report. Section 6.1.3.1, of this RI report,
reviews possible exposure routes and identifies the exposure pathways of concern.

The final step in the exposure assessmeht'proééSs is quantifying exposure for the

identified exposure routes for the reasonable maximum exposure (RME) case, as
specified in the NCP (EPA 1990a). Exposure is quantified in Sections 6.1.3.2 and
6.1.3.3 of this report for the exposure pathways of concern. Section 6.1.3.2
describes the methods used to estimate exposure point concentrations and
quantifies exposure point concentrations for chemicals of potential concern
jdentified in Section 6.1.2. Section 6.1.3.3 describes the methods used to
estimate exposure (i.e., chronic daily intakes [CDIs]) for the exposure pathways
evaluated in this report. The CDIs will be used in conjunction with toxicity
criteria (identified in Section 6.1. 4) to characterize the potential risk

AR30DS579
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associated with the Havertown PCP site under current and future land-use
conditions.

Media evaluated in the exposure assessment include: groundwater, surface water,
sediments, and air. Exposure pathways associated with contaminated soil and
releases from soil were not within the scope of the Havertown PCP baseline risk
assessment. These pathways were evaluated in the Phase 1 RI baseline risk
assessment prepared by Greeley-Polhemus Group, Inc. (1989). Exposure pathways
evaluated in this report included direct contact with soils and inhalation of

volatile organic compounds (VOCs) and dust released from soil. These pathways
will not be reevaiuated in this report.

6.1.3.1 Exposure Pathway Assessment

This section identifies *complete® exposure pathways which will be quanfitatively
evaluated in the Havertown PCP.baseline risk assessment. A potentially
"complete* exposure pathway has the following four characteristics:

1) mechanism of release (e.g., release of chemicals of potential
concern from subsurface soil to groundwater);

2) transport media (e.g., transport of chemicals of potential concern
in groundwater along a gradient);

3) point of exposure {e.g., chemicals of potential concern present in
residential well); and

4) route of exposure {(e.g., resident ingests groundwater from their
private well).

Only “complete® exposure pathways which are both quantifiable and potentially
significant are quantitatively evaluated in the baseline risk assessment.
A summnary of the “complete” exposure pathways evaluated under current and future

6-31
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Table 6-13, respectively. The environmental setting and pathway selection are
discussed below.

Environmental Setting - The Kavertown PCP site is located in Havertown, Haverford
Township, Delaware county approximately 10 miles west of Philadelphia. The site
is located in a mixture of commercial, industrial, and residential property. The
12 to 15 acre study area consists of the National Wood Preservers (NWP) facility,
Philadelphia Chewing Gun Company (PCG) facility, and adjacent residential
properties. Several playgrounds and schools are located within a cne-mile radius
of the Havertown PCP site.

Surface water run-off from the site eventually drains into Naylors Run which is
Tocated along the northern boundary of the site. Naylors Run also receives storm
water flow from NWP drainage channels and storm water collection systems of PCG
and Rittenhouse Circle. Naylors Run flows into Cobbs Creek approximately 4 miles
southeast of the site near East Lansdowne. Cobbs Creek joins Darby Creek then
flows through the Tinicum Wildlife Preserve prior to discharging into the
Delaware River.

Groundwater flows 1in an easterly direction in the bedrock and overburden
aquifers. Depth to groundwater may range from 0.5 feet in the vicinity of the
Rittenhouse Circle to 23 feet at the Youngs Produce Store. Groundwater may
provide base flow of Naylors Run. In addition, groundwater may discharge to
cracks in the storm sewer system which discharge directly to Naylors Run.

Groundwater is currently not used as a source of drinking water in the vicinity
of the Havertown PCP site. No active residential, municipal or industrial wells
are known to be installed within a mile of the site based on available records
from Havertown Township, Delaware County, State or Federal agencies. Residents
in the area receive their water from the City of Havertown.

AR300583
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Approximately, 18,000 individuals 1ive within one mile of the Havertown PCP site.
Within a quarter mile of the site are approximately 350 residential properties.

About a dozen workers and 12 residential properties are located within 500 feet
of the site.

xposure Pathw

Groundwater - As previously discussed, no residential, municipal, or industrial
wells are located within 1 mile of the Havertown PCP site. Residents in the
immediate vicinity of the site and presumably residents located farther
downgradient use municipal water supplied by the City of Havertown. Therefore,
there is no *complete® exposure pathway associated with direct contact with
groundwater at the Havertown PCP site. However, groundwater may be used in the
future as a potential drinking water resource (although unlikely) and will be
evaluated as a hypothetical scenario in this report (as discussed further in the
sections to follow).

Surface Water/Sediments - There are several residential properties immediately
adjacent to the Havertown PCP site. In addition, several playgrounds and schools
are Tocated within 1 mile of the site. Therefore, it is 1ikely that children may
come in direct contact with sediments and surface water at Naylors Run. The
catch basin, which had some of the highest detected concentrations of certain
chemicals of potential concern, is currently fenced and Tocked. This may prevent
access to potentially more contaminated storm sewer discharge. However, it
should be noted that relatively high concentrations of the chemicals of concern
that significantly contributed to overall risk (i.e., benzo(a)pyrene
[Equivaient], PCP, and 2,3,7,8-TCDD [Equivalent]) were detected upstream and
downstream of the fenced catch basin. Therefore, children that play in Naylors
Run may be exposed to chemicals of potential concern via incidental ingestion and
dermal contact with sediments and dermal contact with surface water. Exposure
from incidental ingestion of surface water is considergch g’eé'lgiggtga during

6-35




- & < TeN 4212
Rl REPORT

REV #1°

24/3UN/91

playing activities. Workers at in the vicinity-of the Havertown PCP are not .

expected to come in direct contact with Naylors Run surface water or sediments
to any significant degree. ‘

In general, storm sewer water and sediments had higher detected concentrations
of chemicals of potential concern than surface water and sediments from Naylors
Run. It is highly unlikely, however, that children or workers would be exposed
to storm sewer water or sediments. Therefore, this pathway was not
quantitatively evaluated in this report.

Air - VOCs detected in surface water may be released to the air. VOCs detected
in surface water included acetone, benzene, 1,2-dichloroethene, toluene, and
trichloroethene. These chemicals weré detected only at the catch basin at
concentrations often below the contract required quantification limit (CRQL).
After release to the air, VOCs would be significantly diluted at potential
downwind exposure points (i.e., nearby residents). It is unlikely that residents
would be exposed to significant levels of VOCs released from surface water.

In the immediate vicinity of the catch basin, however, potential exposure and
impacts associated with emissions from storm sewer discharges cannot be ruled
out. In 1981, workers conducting field investigations at Naylors Run in the
immediate vicinity of the storm sewer discharge suffered irritations to the eyes,
skin, and mucous membranes. from apparent volatilization of chemicals from the
discharge. Discharge of highly contaminated storm sewer water to Naylors Run,
however, has been minimized by the catch basin and other remedial activities.
In addition, concentrations of chemicals of potential concern in storm water have
presumably decreased since the 1981 incident given the levels of VOCs found in
storm sewer discharge and the catch basin. Therefore, potential exposure to VOCs
via inhalation does not appear to be a significant pathway of concern.

jota - Several of the chemicals detected in surface water and sediments
. AR300585
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including PAHs, PCP, dioxins, and furans may bioaccumulate in the food chain.
A bioassessment conducted for the Havertown PCP site revealed that game fish may
inhabit deep pools along Cobbs Creek. No viable populations of game fish,
however, were found in Naylors Run (see Section 6.2 for further discussion).
Recreational fisherman who catch fish from Cobbs Creek may be exposed to
chemicals of potential concern via ingestion of fish tissue. In addition,
nursing infants may be indirectly exposed to chemicals of potentja1 concern in
fish tissue if the mother ingests significant quantities of fish from Cobbs Creek
over several years prior to nursing.

Exposure pathways reiated to surface water, sediments, air, and biota are not
suspected to change in the future. The exposure pathways evaluated under current
land-use conditions for these media should be representative and sufficiently
protective of future land-use of the Havertown PCP site. Exposure pathways
related to future use of groundwater at the Havertown PCP site are the only
additional pathways evaluated in the baseline risk assessment. If groundwater
at the site were used as a source of water in the future, then residents may be
exposed to chemicals of potential concern via ingestion. In addition, use of
groundwater for bathing, showering, and cooking wou'd result in exposure via
inhalation of VOCs and dermal absorption. In general, exposure via dermal
contact is insignificant compared to exposure via ingestion and inhalation while
showering; therefore, this exposure route will not be evaluated quantitatively
in this risk assessment. Also, nursing infants may be indirectly exposed to
chemicals of potential concern in groundwater via ingestion of breast-milk from
mothers that use groundwater at the site as a source of water for drinking,
showering, etc.

It should be emphasized that it is highly unlikely that residents would actually
use groundwater in the vicinity of the Havertown PCP site as a squrce of drinking

g AK380585
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water in the future. Residents in the area currently use municipal water
provided by the City of Havertown, and residential homes constructed in the
future would likely be hooked-up to the city water supply system. In addition,
further commercial and industrial development would likely use water supplied by
the City of Havertown. However, future use of groundwater was evaluated
quantitatively in this report primarily to justify further restrictions on
groundwater use and in order to provide the basis for making risk management
decisions concerning remediation of groundwater at the Havertown PCP site.

ummary of Exposure Pathways to be Quantitatively Evaluated

The following current land-use exposure pathways will be quantitatively evaluated
in this report:

] direct contact with surface water and sediments by children playing in
Naylors Run;

. ingestion of fish caught from Cobbs Creek by recreational fisherman; and

. indirect exposure to nursing infants who ingest breast-milk from mothers
which are exposed to dioxin via ingestion of fish from Cobbs Creek.

The following future land-use exposure pathways will be guantitatively evaluated
in this report:

. ingestion of groundwater at the Havertown PCP site by future hypothetical
residents;

. inhaiation of VOCs while showering by future hypothetical residents that
use groundwater at the Havertown PCP site; and

AR300587
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. indirect exposure to nursing infants who ingest breast-milk from mothers
which are exposed to dioxin via ingestion of groundwater.

6.1.3.2 Estimation of Exposure Point Concentrations

Methodology for Estimating Exposure Point Concentrations

To calculate exposure and ultimately risk, chemical-specific concentrations that
a receptor could contact over the duration of the exposure period (i.e., exposure
point concentrations) must be estimated. The exposure point concentration is
defined as the average concentration contacted over the duration of the exposure
period. This section describes the methods used to estimate exposure point
concentrations for the exposure pathways quantitatively evaluated in this report.

In general, EPA (1989a) guidance recommends calculating the 95th upper confidence
Timit (UCL) on the arithmetic mean as the exposure point concentration using
available monitoring data provided by the RI. EPA (1989a) guidance recommends
applying a 95th UCL on the arithmetic mean concentration because of the
uncertainty associated with available monitoring data. Two alternative methods
for calculating the 95th UCL on the arithmetic mean have been recommended by EPA
in Risk Assessment Guidance for Superfund (Gilbert 1987, as cited in EPA 1989a).
One of the methods assumes that the individual chemical constituent
concentrations are nommally distributed and calculates a 95th UCL on the
arithmetic mean from the t-distribution (Gilbert 1987). The other method, based
on Land (1971, 1975), is used for chemical constituent concentration data that
are lognormally distributed (Gilbert 1987).

The equation for calculating the 95th UCL on the afithmetic mean as presented in
Land (1971, 1975) and Gilbert (1987) is presented below:
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(Yl*—z-'ﬂ-,—slﬁ)

UCL(lognormal), ., = e Vi1

where:

UCL{1ognormal)y,; = The 95th UCL on the arithmetic mean concentration assuming
a lognormal distribution;
e = natural log base (2.718);
Y, = arithmetic mean of the natural log transformed data;
S, = standard deviation of the natural log transformed data;

Hyos = tabular value which depends on the degrees of freedom,
alpha, and standard deviation; and
N = sample size.

The equation for calculating the 95th UCL on the arithmetic mean assuming a
normal distribution (Gilbert 1987) is presented below:

si

Ucn(normal)g_gs = Ya + t0.9§ T

where:

UCL(normal)g ¢ = The 95th UCL on the arithmetic mean assuming a normal
distribution;
Y, = arithmetic mean of the untransformed data;
Sh = standard deviation of the untransformed data; and
g5 = t-statistic for a one-tailed confidence 1imit test with an
a1ﬁha = 0.05; and
= sample size.

In general, most chemical distributions in nature tend to be lognormally
distributed except for abundant metals such as aluminum and iron (Connor and
Shacklette 1975, Oean 1981, Esmen and Hammad 1977, and Ott 198%) Therefore,

80589

6-40




TCN 4212
RI REPORT

REV #1
24/3UK/81

between the two methods recommended by EPA, the method developed by Land (1971,
1975) should be used in most cases to calculate the 95th UCL on the arithmetic
mean. In certain cases, however, the equation developed by Land (1971, 1975)
will yield concentrations below the 95th UCL on the arithmetic mean calculated
using the normal distribution equation. Generally, this occurs for inorganics
which tend to be normally distributed. Thus, the 95th UCL on the arithmetic mean
calculated using the normal distribution equation was used as the exposure point
concentration in these cases.

EPA (19892) guidance recommends using the maximum detected concentration as the
exposure point concentration if the 95th UCL on the arithmetic mean exceeds the
maximum detected concentration. The maximum concentration is often lower than
the 85th UCL on the arithmetic mean calculated using the Land (1971, 1975) method
when the sample size is small (e.g., less than 10 samples) and/or the chemical
concentration distribution is highly positively skewed.

Children Playing in Navlors Run - It was assumed that children may contact
different locations along Naylors run while playing, over the duration of the
exposure period (assumed to be 10 years). Based on this assumption, all of the
surface water and sediment monitoring data collected from Naylors Run were used
to estimate exposure point concentrations and exposure to chiidren playing in
Naylors run. Exposure point concentrations estimated for surface water and
sediment from Naylors Run are presented in Tables 6-14 and 6-15, respectively.

Inoestion of Fish - For the fish ingestion pathway it is necessary to estimate
the concentration of chemicals of potential concern from the site which may be
present in fish tissue. No fish tissue samples, however, were collected as part
of the field investigation for the Havertown PCP site. Modeling fish tissue
concentrations using available surface water and sediment samples collected at

AR3003530
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Table §-14

Exposure Point [gncentrations fer the Chemicals of (ongcern
Detected in Surface water from Nayiors Run
{Concentrations in ug/L)

S5th UCL on the

Arithmetic Mean txposure
Average Max 1mum Point )
Concentration Norma} Log-Normal Concentration Concentratic
vaylors Run
Organics:
Deldrin 1 .2 & .3 .3 {a)
Heptachlor Epeoxide .2 5 38.0 .8 .B {a)
Zenzo(a)pyrene (Eguivalent) 3 NC NC .3 .3 (a)
“entachigrophencl 430.0 380.0 »1,000.000.0 1,200.0 1.200.0 {a}
2.3,7,8-TC00 (Equivalent) 8.0E5 NC NC 3.0E-4 3.08-4 ¢
Inorganmics:
Manganese 5.300.¢0 §.500.0 >1.000.000.0 10,100.¢ 10.100.0 (a}
Thallium 2.1 31 5.7 3.3 3.3 (a)

SC  Not calculated

fa) The lognormal 95th UCL on the arithmatic mean concentration exceeded the maximum detected concentration. or there were n
enough samples (i.2.. <3} avarlable for astwmating the 95th UCL on the arithmetic mean.

concentration was used as the exposure point concentration.

6-42
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Table 6-15

Exposure Point Concentrations for the Chemicals of Concern
Jetecteg 1n Sediment from Naylors Run

{Organic Concentrations: ug/kg: Inorganic Concentratiens: mg/kg)

95th UCL on the

Arithmetic Mean Zxposure
Average Max imum Foint
Concentration Norma) Log-Norma ] Loncentration Concentration
aroanics:
Cnlordane (total) 200.0 220.0 230.0 240.0 230.0 ()
3enzo(a)pyrene (Equivalent) 11,000.0 19.000.0 110.000.0 28,061.7 28,061.7 {b)
Zjugranthene 7.700.0 14,000.0 150,000.0 21.000.0 2:1,000.0 (&
“entacnloropnenol 1.600.0 2.500.0 4,200.0 3.000.6 3,000.C (b}
£.2.7,.8-TCO0 {Equivalent) 0.06 NC NC 0.118 0.118 &
Irorganics: N : - L
Antmony 10.90 13.0 15.8 14.1 14.1,
Arsenig 23.0 47.0 2.100.0 ar.e 37.6 {
garium 130.0 250.0 580.0 415.0 415.0 (b)
Chromyum 230.0 420.0 9,800.0 532.0 £32.0 (b}
Manganese 2.600.0 4,000.0 14,000.0 A,?SD:O 4,753.0 {b)} ‘
Sickel 20.0 30.0 33.0 43.7 32,0 {a)
“ha 11 tum .6 .9 1.7 1.0 1.0 (b}
{anadium 58.0 88.0 160.0

118.0 118.0 (b}

NI HNot calculated

a) Exposure point concentraticn based on the 95th UCL on the arithmetic mean concentration derived using Land (1871, 1978

which assumes that the distribution is lognormal.

2] The legnormal 95th UCL on the aritimelic mean concentration exceeded the maximum cetected concentration. or there were not
angugh samples [i.e., <3) svarlable for estimazing the 95th UCL on the arithmetic mean; therefore, the maximum congentratior

w35 usefl as the exposure point cohcentration.
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the headwaters of Naylors Run may be too conservative, given that viable
poputations of game were not found in Naylors Run. The lack of game fish is
probably due to the size of the stream; however, the presence of chemicals that
may inhibit development of an aquatic food web cannot be ruled out. Viable fish
populations, however, were found in pools located along Cobbs Creek.

As part of the National Bioaccumulation Survey (NBS) conducted by EPA (1990d),
seven fish samples, including 2 black bullhead and 5 white sucker, were collected
from Cobbs Creek approximately 5 miles downstream of the Havertown PCP site. The
black bullhead samples were analyzed as fillets while the white sucker samples
were analyzed as whole body. Possible sources of chemicals present in fish
tissue sampled from Cobbs Creek include: Havertown PCP site, non-point sources
{e.g., agricultural pesticide spraying), and a landfill. Samples of fish also
were collected from Schuylkill River for which Cobbs Creek is a tributary. The
samples from Schuylkill River, however, were further downstream of the site and
several other sources may contribute to chemicals present in fish tissue;
therefore, these samples were not included in the Havertown PCP baseline risk
assessment.

The fish samples were analyzed for chemicals that tend to bicaccumulate in fish
tissue including dioxins and furans, heavy metals, pesticides, and PCBs. Of the
chemicals detected in fish tissue, only chemicals of potential concern detected
in surface water and sediments in Naylors Run directly downstream of the site
were included in this assessment. This selection process was performed in an
attempt to delineate the contribution of the Havertown PCP site to the potential
risk associated with ingesting fish from Cobbs Creek (however it is uncertain
whether the site is the actual source). This is necessary in order that
appropriate risk management decisions can be made with regard to remediation of
Naylors Run and storm sewer discharges from the Havertown PCP site. Therefore,
this assessment does not present total exposure and risks associated with
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ingestion of fish. Exposure point concentrations for fish tissue samples are
presented in Table 6-16. Chlordane, dieldrin, heptachlor epoxide, and dioxins
were detected in both fish tissue samples taken from Cobbs Creek and in either
the sediments or surface water from Naylors Run. It should be noted, however,
that PCP and PAHs which are chemicals of potential concern at the Havertown PCP
site and may bioaccumuiate in the food chain, were not included in the NBS.

Therefore, the potential exposure and risk associated with ingestion of fish may
be underestimated.

Mursing Infants - A pharmacokinetic model was used to estimate indirect exposure
to nursing infants from ingestion of contaminated breast-milk from mothers who
are exposed via ingestion of fish tissue. Based on the results of the model,
exposure to nursing infants is directly proportional to the exposure to the
mother. Therefore, exposure point concentrations were not estimated for the
nursing infant exposure pathway.

timation of Exposure Point Concentrations for Future Land-Use Pathways

For the future lTand-use groundwater ingestion pathway, it was assumed that a
hypothetical resident may install a well anywhere at the site. If a well were
installed near a “"hot spot® location, then an individual may contact relatively
high concentrations in the general vicinity of the well and not an average
concentraticn from the entire study area. Therefore, it would not be appropriate
to use all of the groundwater data collected at the Havertown PCP site to
estimate exposure point concentrations for the groundwater ingestion pathway (in
contrast to estimating exposure to children who play in Naylors Run and may
contact different locations over the duration of exposure). In order that
potential exposure will not be underestimated, EPA Region III (1991a) recommends
selecting three wells with groundwater contamination which are indicative of site
contamination. EPA recommends using several sampling rounds from these wells in

AR300594
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Table 3-16

Chemicais of Fotental (oncern
Detected 1n Fish Tissue Sampled from
Coobs Creex {a)

Concentration 'n ug/kg

Chemical (b) ' Black Bullhead (¢} White Sucxer (c|
Chiordane {totai} 59.0 238

Disldrin 63 450
Heptachlor Epoxide 8.5 37
2.3,7,8-TCOD {Equivalent) Q.0013 0.307

{a) Figsh samples collectsa from {obbs Cresk approximately 5 miles downstream of the Havertown SCP Site.

(b}

{c}
{d)

Sampies coliected as part of the National Bioaccumulation Study (NBS)} (EFA, 1350b].

Only data for chemicals of potential concern which may be associated with the s1te were summarized.
Note that PCP and PAHs were not analyzed as part of the NBS survey.

Resuits represent composite of frlilets from 2 black byllhead fish.

Resuits represent composite of whoie body samples from 5 white suckers.

AR300595
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order that the seasonal influence on contamination ievels may be characterized.
The 95th UCL on the arithmetic mean is estimated using the equations previously
discussed using 211 of the data collected from the three representative wells.

The Havertown PCP sampling plan, however, was developed and implemented prior to
release of the EPA Region III recommended approach for estimating exposure to
groundwater. Only two sampling rounds were collected from the wells at the
Havertown PCP site. The first round of sampling was used for screening purposes
in order to identify areas that may need further groundwater contamination
delineation. Groundwater samples were not collected at all well lTocations during
the first round of sampling. In addition, the data was not validated {since it
was used for screening purposes) and therefore could not be used in the risk
assessment. Only the second round of sampling were available for quantitative
use in the risk assessment. The first round of sampling, as well as historical
data, were used qualitatively in the RI to evaluate potential fluctuations and/or .
trends in groundwater contamination. ’

For estimating exposure point concentrations for the Havertown PCP site, the 95th
UCL on the arithmetic mean was calculated using available data from the three
most contaminated well locations which include: HAV-2, HAV-4, and R-2. HAV-2,

HAV-4, and R-2 are installed in the saprolite zone of the aquifer (HAV-2 and HAV-
4 also are screened in the lower portion of the fill zone). These three well
locations were selected because the highest detected concentrations of
benzo(a)pyrene (Equivalent), naphthalene, PCP, and 2,3,7,8-TCDD (Equivalent) were
found in these wells. These four chemicals contributed to more than 99 percent
of the total carcinogenic and noncarcinoegenic risk associated with groundwater
use at the site. Certain chemicals of potential concern, however, were not
detected in these three well lozations including 1,2-dichloroethene, bis(2-
ethyhexyl)phthalate, trichloroet- ne, vinyl chloride, and thallium. Data from
all well locations installed in . -ther the intermediate or deep portions of the
aquifer were used to estimate exposure point concentrations for these chemicals.

- ~ AR300595 @
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Exposure point concentrations estimated for future-use of groundwater are
presented in Table 6-17. As shown in this table, the 95th UCL on the arithmetic
mean calculated using Land (1971, 1975) exceeded the maximum detected value for
all chemicals that significantly contributed to risk (i.e., benzo(a)pyrene
[Equivalent], naphthalene, PCP, and 2,3,7,8-TC00 ([Equivalent]). Thus, the
maximum detected value was used as the exposure point concentration for these
chemicals. For comparison sake, exposure point concentrations were estimated
using data from all monitoring wells at the site for these chemicals. Little
difference was found between the estimated exposure point concentrations
calculated using all the monitoring data versus data from the three well
Tocations for the primary chemicals of concern in groundwater (i.e.,
benzo(a)pyrene [Equivalent], naphthalene, PCP, and 2,3,7,8-TCDD [Equivalent]).
The exposure point concentrations presented in Table 6-17 for benzene, 1,2-
dichlioroethene (total), trichloroethene, and vinyl chloride also were used to
estimate potential exposure via inhalation of VOCs while showering. As
previously discussed, a pharmacokinetic model was used to estimate indirect
exposure to nursing infants via ingestion of contaminated breast-miik from
mothers who are exposed via ingestion of groundwater. Therefore, exposure
pointconcentrations were not estimated for the nursing infant exposure pathway.

6.1.3.3 Estimation of Chronic Daily Intakes

This section describes the methods used to estimate exposure for the exposure
pathways quantitatively evaluated under both current and future iand-use
conditions. According to the National Contingency Plan (NCP) (EPA 1990a), the
exposure estimates should be based on a RME case. Exposure is referred to as the
COI which is expressed in terms of milligrams of contaminant contacted per
kilogram of body weight per day (i.e., mg/kg/day). The CDI is calcuiated by
combining exposure point concentrations and exposure parameter estimates using
a chemical intake equation.

6-48 AR300537
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Table 6-17 .

Exposure Ppint Congentrations for the Chemicals of Concern
Detected in Grounawater for the Havertown PCP Site
{Concentrations in ug/L)

95th UCL on the
Arithmetic Mean Exposure

Average Max imum Point
Concentration Normai Log-Normal Concentration Concentration
Jrganics:
Senzene 180.0 NC NC 230.0 230.0 (b)
-.2-Dichloroethene (total} (d} 58.0 92.0 280.0 245.0 245.0 (a)
t13(2=EthyThexy1)phthalate [d) 72.0 110.0 410.0 180.0 180.0 {b)
2enzo{a)pyrens {Equivalent) 480.0 NC NC 741.9 741.9 (b)
*iuoranthene o " 810 RC NC 810.0 810.0 {b}
Naphthalene 12,000.0 3z,000.0 >1,000,000.0 24,000.0 24,000.0 (b)
Pentacnloraphencl 48,000.0 120,000.0 >1,000,000.0 B0.000.0 80,000.0 (b)
2.3.7.8-TCOD (Equivaient) 0.0008 NC NC 0.17 0.17 Lb
Trichloroethene (d} 79.0 130.0 430.0 ' 465.0 sss.o‘
vinyl Chleride {d)} 7.2 8.8 9.1 16.5 8.1 {a)
Incrganics:
Arsenic 1.0 30.0 »1.000,000.0 2z.7 22.7 (b} .
Manganese 20,000.0 25,000.0 25,000.0 22.600.0 22,800.90 (b)
"hallium (d) 1.4 1.7 1.6 4.2 1.7 ()

NC Aot calculated

'a} EIxposure pownt concentration bassd on the 55th UCL on the arithmetic mean concentration derived using Land (1971, 1978
which assumes that the distribution is lognormal.

‘n} The lognormal 95th UCL on the arithmetic mean concentration exceeded the maximum detected congcentration, or there were not

snough samples {1.e., <3) available for estimating the 95th UCL on the arithmetic mean. Therefore, the maximu

¢oncentration was used as the sxposure point concentration.

The chemical distribution was assumed to be normal; therefore, the normal 85th UCL on the arithmetic mean was used as the

exposuyre point concentration.

.8} 1.2-Dichlorcethene, bis(2-ethyhexyl)phthalate, vinyi chloride, and thailium were not detected in the most contaminated wel
locations {i.e,, RAV-02, HAV~04, and R-2). Thus, data from all locations were used to estimate exposure poin
concentrations for these chemicals of potential concern.

—~—
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The following sections describe the methodology used to estimate CDIs for the
pathways quantitatively evaluated in this report. In addition, CDIs for
chemicals of potential concern with available toxicity criteria are estimated for
these exposure pathways.

Current Land-Use: Direct Contact with Surface Water by Children Playing in
Naylors Run

Children may be exposed to chemicals of potential concern in surface water in
Naylors Run while playing or wading, The estimated exposure to a chemical is
based on the amount absorbed through the skin. The amount of surface water
ingested is negligible during playing activities and; therefore, was not
considered in this assessment.

Potential exposures to chemicals of potential concern in surface water via dermal
absorption were calculated using the following equation:

‘ {EPC) (SA) (PC) BTV (BP) (XD) (CF,) {CT,)
. SEPO) (SA) (PC) (ETY (BF) (ED) (CFy) {CF,)
I = (mg/kg/day) = W (AT

where:
€01 = Chronic Daily Intake (mg/kg/day);
" EPC = Exposure Point Concentration (ug/L);
CF, = Conversion Factor {I(ﬁ'3 mg/ug);
CF, = Conversion Factor (1 L/1000 cm’);

SA = Skin Surface Area Available for Contact (cm’);
PC = Dermal Permeability Constant (cm/hr);

ET = Exposure Time (hrs/day);

EF = Exposure Frequency (days{year);

ED = Exposure Duration (years);

BW = Body Weight (kg); and

AT = Averaging Time (days).

AR300593
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Exposure parameter values used to estimate exposure to children via contact with
surface water are discussed below and summarized in Table 6-18.

The methods for estimating exposure point concentrations are
presented in Section 6.1.3.2.

This conversion factor adjusts the mass units.

This conversion factor accounts for the volumetric unit conversion
of 1 L to 100 cnd.

Approximately one-third of the total surface area of the hands,
arms, and legs were assumed to directly contact surface water.
Thus, approximately 1000 cm’® of the body surface would contact
contaminated surface water based on data presented in EPA
(19852,1989c) for children ages 2 to 12. The 50th percentile of the
surface area of the hands, arms, and legs was used, rather than an
upper-bound percentile, because it reflects the best estimate of the
surface area for the individual with the 50th percentile body weight
(EPA 1989a).

The permeability constant reflects the movement of the chemical
across the skin to the stratum corneum and into the bloodstream.
Factors influencing dermal absorption from water include the nature
of the compound, the presence of other agents which might facilitate
the permeability of a chemical, as well as the properties of the
skin itself (EPA 1988a)., Chemical-specific permeability constant
values are currently under review, as presented in the Superfund
Exposure Assessment Manual (SEAM) (EPA 1988b), and are
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Table 6-18

Exposure Parameters Used to Istimate
Expasure to Children via Direct Contact with Surface water in Naylors Run

Parameter Value Reference

CFy 102 mg/ug - .-

CF, 1 L/1000 cm® .- -

SA 1000 cm? (EPA, 198%a)

PC 8.4 x 10™ cm/ihr (Blank et al, 15384;
o EPA, 1589a)

ET '2.6 hrs/day [EPA, 198%a)

£ 10 yrs Assumad Vaiue

EF 125 days/yr {EPA. 19B%a)

aT ]

Carcinogens 25,550 days (E;A. 13:2‘1;

Non-carcinogens 3850 days (EPA, 1 BSﬂ

aw 25 kg (EPA, 1585}

6-52




ED:

TCN 4212
R1 REPORT
REY #1
24/JUK/91

not recommended for use in baseline risk assessments at this time
(EPA 1398%a). Currently, EPA (198%a) has recommended using the
permeability of water of 8.4 x 10™ cm/hr for chemicals of potential
concern (EPA 1989a, Blank et al. 1984). However, this method may
underestimate skin permeability properties for some organic
compounds {EPA 1989a), while overestimate the permeability of
certain inorganic compounds.

For the exposure time, it was assumed that contact with surface
water during play activities would be similar to the national
average of time spent swimming. The national average of time spent
swimming is 2.6 hrs/day (EPA 1988a, 1989a).

For the exposure frequency, it was assumed that children would play
in Naylors Run three times per week for 10 weeks in the spring and
fall when the temperature is above freezing (total of 60 days). In
the summer months, accounting for warmer weather and schools being
closed, children's exposure is considered to be up to five times per
week for approximately thirteen weeks. Therefore, the exposure
frequency would be 65 days during the summer. The total number of
days exposed per year for the RME case was estimated to be 125
days/year {EPA 1989a).

Children were assumed to play in Naylors Run between the ages of 2
and 12. Therefore, the exposure duration is 10 years. Children in
this age group are more 1ikely to engage in the activity outlined in
this pathway than during other ages. In addition, children in this
age group may have higher exposure {(mg/kg/day) because of their

lower body weights (kg) than older children which would have higher
body weights.

AR380602
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BW: The mean body weight for both male and female children between the
ages of 2 to 12 is approximately 25 kg {EPA 1985b).

AT: The averaging time is 10 years (exposure duration} x 365'days/year
for noncarcinogens and 70 years (lifetime) x 365 days/year for

carcinogens.

An example calculation of the CDI for carcinogens assuming an exposure point
concentration of 1 ug/L is presented below:

DL g atron *

CDIppreinopens ™ 43 X 10" mg/kg/day

The CDI for noncarcinogens, using 3,650 days for the averaging time substituted
into the above equation, is 3.0 x 10 mg/kg/day. CDIs estimated for dermal
absorption of chemicals of potential concern in surface water from Naylors Run
are presented in Table 6-19.

Current Land-Use:Direct Contact with Sediments by Children Playing in Naylors Run

Children may be exposed to chemicals of potential concern in sediments in Naylors
Run while playing or wading. The estimated exposure to a chemical is based on
the amount absorbed throuﬁh the skin and incidentally ingested. Studies have not
been performed specifically on sediment, but much of the information on exposure
to soil can be applied to sediments. The following sections describe the two

AR3C0603
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Table 6-19

Chrenic Daily Intakes {CDIs) Estimated for Direct
Contact with Surface Water from Naylors Run
by Children for the RME Case

RME RME CDis
Exposure Point {mg/kg/day)
Concentration -
Chemical {a)} lug/L) Carcinogens Noncarc1nogens
Organics:
Dieldrin 0.3 1.2E-8 9.0E-8
Heptachlor Epoxide D.8 3.4E-9 2.4E~B
Benzo(a)pyrene (Equilavent) 0.3 1.3E-9 8.0E~9
Pentachlcrecprenc) 1.200 5.2E-B 3.BE-5
2,3,7,8-TCOD [Equivaient) 3.0E-4 1.2E-12 8.7e-12
Inorganics:
Manganese ' 10.100 ——- 3.06-4
Thailium 3.3 —_— 2.8E-8
_— Ho toxicity criteria available; therefore, a CDI was not estimated.
{a} Toxicity criteria were not available for cobzlt anc lead; therefore, COIs were not estimated.

AR300E0L @
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potential routes of exposure from direct contact with sediments: incidental
ingestion of sediments and dermal absorption.

Exposure to Sediments via Ingestion - The ingestion of soil and potentially
sediments by children is considered to be a normal phase of childhood development
(Baltrop et al, 1963, Robischon 1971, and Ziai 1983). Usually temporary, this
behavior may resuit from normal mouthing, incidental hand-to-mouth activity,
and/or dermal absorption (EPA 1989a). Ingestion of soil and sediment past the
ages of 6 or 7 has seemingly been termed *abnormal® and is frequently the result
of developmental problems (Lourie et al. 1963, Paustenbach et al. 1986). This
behavior is otherwise known as pica-abnormal ingestion of a non-food substance
(EPA 1989b).

Potential exposures to chemicals of potential concern in sediment via incidental
ingestion for the RME case were calculated using the following equation:

(EPC) (P (IR) (FT) (M) (ED) (REF)
DI (mg/kg/day) = (BN {AT)

where:
CDI = Chronic Daily Intake (mg/kg/day);
EPC = Exposure) Point Concentration (mg/kg for inorganics, ug/kg for
‘ - organics}); )
CF = COnversi?n Factor (10° kg/mg for inorganics) (10®° kg/ug for
organics);
IR = Ingestion Rate (mg/day);
FI = Fraction Ingested from Contaminated Source (unitless);
EF = Exposure Fregquency (days{year);
ED = Exposure Duration (years);
RBF = Relative Bioavailability Factor (unitless);
BW = Body Weight (kg); and
AT = Averaging Time (days).

Exposure parameter values used to estimate exposure to children via incidental
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ingestion of sediments are discussed below and summarized in Table 6-20.

EPC:

CF:

The methods for estimating exposure point concentrations are
presented in Section 6.1.3.2.

The conversion factor of 10”° kg/mg was used to convert mass units
for inorganics. The conversion factor of 107 kg/ug was used to
convert mass units for organics.

Several studies have been performed to estimate the amount of soil
ingested by children. Recent studies performed have used tracer
elements in feces and soil to estimate the amount of ingested soil
(EPA 1989b). Calabrese et al. (1987) estimated that the average
95th percentile of soil ingestion rates for the three best tracers
evaluated was approximately 200 mg/day. Problems with the
analytical results for the Calabrese study, however, were found.
Binder et al. (1986) used three tracer elements to estimate soil
ingestion. The three tracer element results were averaged for an
estimated average soil ingestion of 108 mg/day with a range of 100
mg/day to 200 mg/day (EPA 1989b). Van Wijnen et al. (1990} reported
that the estimated range of 90th percentiles of ingestion rates
ranged from 190 mg/day during normal activities to 300 mg/day
duringvacationing at campgrounds. The interim final guidance for
soil ingestion rates released by the Office of Soil Waste and
Emergency Response {(OSWER) recommended using 200 mg/day as an upper-
bound soil ingestion rate for children under the age of 6 (EPA
1989d). The 200 mg/day ingestion rate appears to be a reasonable
upper-bound value given the supporting research discussed above. A
sail ingestion rate of 100 mg/day was recommended for children over
the age of 6 and adults (EPA 1989a,d). For the age group evaluated
for this pathway (i.e., 2 to 12}, a weighted average ingestion rate
AR300606
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Table 6-20

Exposure Parameters Used to Estimate

Exposyre to Children via [ncidental Ingestion of Seciments 1n Naylors Run

Parameter Value Reference
CF
Organics 10® kg/mg
Inorganics 10 kg/mg
IR 140 mg/day {£PA, 13398)
Fl 1 (EPA, 138%a)
EF 125 days/year (EpA. 1583a)
ED 10 years (EPA, 1988a)
RBF
Semi-Valatile .5 {Poiger and
QOrganic Compound Schlatter, 18980
McConnell et al., 1984,
Lucier et al,
1986, Wanding et al.
1989, ang van gen
Serg ey at., 1086,
1987)
Volatiie Organics and 1 Assumed valye
Inorganics
B 25 kg (EPA, 1985)
AT :
Carcinagens 25550 days {EPA, 1989a)}
Non-carcinogens 3650 (EPA, 198%a)
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of 140 mg/day was calculated using the EPA (1989a,d) recommended
ingestion rates (i.e., 200 mg/day for children between the ages of
2 to 6, and 100 mg/day for children between the ages of 6 to 12).

The fraction ingested from the contaminated source was
conservatively assumed to be one (1).

For the exposure frequency, it was assumed that children would play
in Naylors Run three times per week for 10 weeks in the spring and
Tall when the temperature is above freezing (total of 60 days). In
the summer months, accounting for warmer weather and schools being
closed, children's exposure is considered to be up to five times per
week for approximately thirteen weeks. Therefore, the exposure
frequency would be 65 days during the summer. The total number of
days exposed per year for the RME case was estimated to be 125
days/year (EPA 1989a).

Children were assumed to play in the area between the ages of 2 and
12. Therefore, the exposure duration is 10 years. Children in this
age group are more likely to engage in the activity outlined in this
pathway than during other ages. In addition, children in this age
group may have higher exposure (mg/kg/day) because of their lower
body weights (kg) than older children which would have higher body
weights.

The relative bioavailability factor is used to adjust exposure to
chemicals of potential concern which tightly bind to a soil/sediment
matrix. Many chemicals which adsorb to soil and sediment particles
may be less bioavailable than when the chemical is administered in
water or oil, which is the typical vehicle used in laboratory
toxicity tests. Experimental data on the relative biocavailability

AR300608
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of the chemicals of potential concern are limited. Several studies
have been conducted on dioxin which show the relative
bioavailability to range from 7% to 50% (Poiger and Schiatter 1980,
McConnell at al. 1984, Lucier et al. 1986, Wendling et al. 1989, and
Van den Berg et al. 1986, 1987). To be conservative, all semi-
volatile organic compounds (e.g., dioxins and furans, pesticides,
phthalates, PCP, PCBs, and PAHs) are assumed to have a relative
bioavailability factor of 50 percent. Other volatile organic
compounds and inorganics are assumed to have a relative
bioavailability factor of one (1). This is a conservative
assumption which would tend to overestimate the bioavailability for
some compounds.

BW: The mean body weight for both male and female children between the
ages of 2 to 12 is approximately 25 kg {EPA 1985b).

AT: The averaging time is 10 years (exposure duration) x 365 days/year
for noncarcinogens and 70 years (lifetime) x 365 days/year for
carcinogens.

An exampie calculation of the RME CDI for semi-volatile carcinogens assuming an
‘exposure point concentration of 1 ug/kg is presented below:

= L ug/kg) 1202 kg/ug) (140 ag/day) (1) (125 days/year) {10 years} (.5)
oI (mg/kg/day) (25 kg (25550 days)

CDIpprciprpeme * 1:4 X 104’.w/ké/dqy

AR3006083
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For semi-volatile organic compounds {1 ug/kg exposure point concentration), the
RME CDI is estimated to be 1.4 x 107° mg/kg/day and 9.6 x 107 mg/kg/day, for
evaluating carcinogenic and noncarcinogenic effects respectively. For volatile
organic compounds ({1 ug/kg exposure point concentration), the RME (DI is
estimated to be 2.7 x 10" mg/kg/day and 1.9 x 10° mg/kg-day, for evaluating
carcinogenic and noncarcinogenic effects, respectively. For inorganic compounds
(1 mg/kg exposure point concentration), the RME CDI is estimated to be 2.2 x 107
mg/kg/day and 1.5 x 10° mg/kg/day, for evaluating carcinogenic and
noncarcinogenic effects, respectively. CDIs estimated for incidental ingestion
of chemicals of potential concern in sediments from Naylors Run are presented in
Table 6-21. |

Y Sediments via Dermal Absorption - EPA (1989a) recommends using the
soil dermal contact equation for sediment, although due to their textures, most
sediments are probably less likely to adhere to the skin than soil. This
assessment will focus on the dermal absorption of organic compounds of concern
since laboratory studies (Skog and Wahlberg 1964, Wahlberg 1968a,b) have shown
that dermal absorption of inorganic compounds bound in a soil/sediment matrix is
negligible.

Potential exposures to organic chemicals of potential concern in sediment via
dermal absorption for the RME case were calculated using the following equation:

. EPC) (CP) (SA) (A® (ABS) (2P (BD)
COI (ag/kg/day} = (B (AT)

where:

EPC = Exposure Point Concentration (ug/kg):
CF = Conversion Factor (10 kg/ug);
SA = Skin Surface Area Available for Contact (cm?/day);

AF = Soil to Skin Adherence Factor (mg/cm?);

ABS = Dermal Absorption Factor (unitless);

EF = Exposure Frequency (days/year);

ED = Exposure Duration (years);

BW = Body Weight (kg); and

AT = Averaging Time (days). AR3 006 ] 0
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Taple 6-21

Chronic Daily Intakes (CDIs) £stimated for Direct
Contact with Sediments Ndylors Run for
Children Playing in Naylors Run for the RME Case

RME AME CDIs AME CDls
txposure Point for Incidential Ingestion for Dermal Absorpticn
Concentration {mgskg/day} {b) (mg/kg/day) (b}
(Organics: ug/kg
Chemical (a) Inorganics: ma/kg), Carcinogens Noncarg ynogens Carcinogens Noncarcinogens
Jrganics:
Senzo{a)pyrene 28,000.0 3.9E-6 --- 3.9€-6 -=-
{Eguilavent)
Chiordane {total) 230.0 3.2E-8 2.2E-7 3.26-8 2.3E-7
Fluoranthene 21.000.0 -— Z.0E-5 - 2.1E-5
Pentachiorophenol 3.000.0 4.26-7 Z.9e-8 4.28-7 3.0E-6
2.3.7.8-7C0D g.12 1.7e-11 1.2e-10 1.7E-11 1.2E-10
(Equivaient}
!norganics (b}:
Ant imony 14.1 -—- - 2.1E-5
Arsenic 37.8 8.3E-6 5.6E-5
Barium 415.0 ——— 6.2E-4
Chromigm 53z.0 --- 8.0E-4
Manganese 4,750.0 -—— 7.1E-3
Nickel 33.0 -—- S.0E-5
Thallium 1.0 —— - - 1.5E=6
Vanadium 118.0 - 1.8E-4
-— Ko toxicity criteria available; tharefore, a CDI was not estimated.
(a) Toxicity criteria were not available for dibenzofuran, engdsuifan sulfate, acenaphthene, phenanthrens, aluminum, cobalt,
ang lead; therefore, CDIs were not estimated.
(b} Dermal abserpticn of inorganic chemicals was assumed to be zero.

AR300611
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Exposure parameter vaiues used to estimate exposure to children via dermal
absorption of chemicals in sediments are discussed below and summarized in Table
6-22.
EPC: The methods for estimating exposure point concentrations are
presented in Section 6.1.3.2.

CF:  The conversion factor of 10™ kg/ug is used to convert mass units.

SA: Approximately one-third of the total surface area of the hands,
arms, and legs were assumed to directly contact sediments. Thus,
approximately 1000 cm® of the body surface would contact
contaminated sediments based on data presented in EPA (1985a, 1988c)
for children ages 2 to 12. The 50th percentile of the surface area
of the hands, arms, and legs was used, rather than an upper-bound
percentile, because it reflects the best estimate of the surface .
area for the individual with the 50th percentile body weight (EPA
1989a).

AF: A skin-to-soil adherence factor of 1.45 mg/cm has been calculated
based commercial potting soil (EPA 1989%a).

ABS: The absorption factor reflects the percentage of a chemical that
contacts the skin which will pass through the skin to the stratum
corneum and into the bloodstream. Factors influencing dermal
absorption from a soil or sediment matrix include the affinity of
the compound for the soil matrix, the presence of other agents that
might facilitate the permeability of a chemical, as well as the
properties of the skin itself (EPA 1988a). Based on results from
Yang et al. (1986a,b), Wester et al. (1987), and Poiger and
Schlatter (1980), it is assumed that 5 percent of the semi-volatile
compounds (e.g., dioxins and furans, PAHs, PCP, phthalates,

pesticides, and PCBs) in sediment are absorbed thrﬁlﬁlﬁtﬁeﬁ%irz .

- e M s e W
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Table 6-22
Exposure Parameters. Used to Estimate
Exposure to Children via Oermal Absorption of Chemicais 1n Sediments from Kaylors Run

Parameter Value Reference

cF 10% kg/ug

5A 1000 cn®/day {EPA. 1989a)

RF 1.45 mg/cm’ (EPA, 188%a)

ABS (EPA, 1989a)
Semi-volatile .05 (vang et al., 1986a.b
Organic Compounds ’ Wester et al., 1987,
Volatile Organic .1 Poiger & Schilatter,
Compounds 1980}

Inorganics 0 {Skog & Wahlberg,
1964, Wahlberg,
1968a.b)

EF 125 days/year {EPA, 1989a)

€D 10 years {EPA, 198%a)

Bw 25 kg {EPA, 1985)

AT
Carcinogens 25550 days (EPA, 1388a)
Noncarginogens 3650 days {EPA, 1S8%a}
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There is insufficient experimental evidence for deriving dermal
absorption factors for other organic chemicals of potential concern.
Therefore, considering the relative absorptive properties of these
chemicals compared to those with known values, it is conservatively
assumed that 10 percent is absorbed through the skin to the
bloodstream. Based on laboratory studies (Skog and Wahlberg 1964,
Wahlberg 1968a,b), inorganic compounds are not considered to be
absorbed and thus exposure to inorganics from dermal contact is
assumed to be zero.

For the exposure frequency, it was assumed that children would play
in Naylors Run three times per week for 10 weeks in the spring and
fall when the temperature is above freezing (total of 60 days). In
the summer months, accounting for warmer weather and schools being
closed, chiidren's exposure is considered to be up to five times per
week for approximately thirteen weeks. Therefore, the exposure
frequency would be 65 days during the summer. The total number of
days exposed per year for the RME case was estimated to be 125
days/year (EPA 198%9a).

Children were assumed to play in the area between the ages of 2 and
12. Therefore, the exposure duration is 10 years. Children in this
age group are more likely to engage in the activity outlined in this
pathway than during other ages. In addition, children in this age
group may have higher exposure (mg/kg/day) because of their Jower
body weights (kg) than older children which would have higher body
weights.

The mean body weight for both male and female children between the
ages of 2 to 12 was approximately 25 kg (EPA 1985a).

e = = m e e om -
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AT: The averaging time is 10 years (exposure duration) x 365 days/year
for noncarcinogens and 70 years (lifetime) x 365 days/year for
carcinogens.

An example calculation of the RME CDI for semi-volatile carcinogens assuming an
exposure point concentration of 1 ug/kg is presented below:

cpre iU 106 kg/ug) (1000 cm?/day) (1.45 ng/n?) (,05) (125 days/ 10 s)
(25 kg) (25550 days)

COL puretumpums = 1+4 X 107 mg/kg/day

For semi-volatile organic compounds {1 ug/kg exposure point concentration), the
RME CDI is estimated to be 1.4 x 107 mg/kg/day and 9.9 x 107"° mg/kg/day, for
evaluating carcinogenic and noncarcinogenic effects respectively. For volatiile
organic compounds (1 ug/kg exposure point concentration), the RME CDI is
estimated to be 2.7 x 10" mg/kg/day and 2.0 x 10 mg/kg-day, for evaluating
carcinogenic and noncarcinogenic effects, respectively. C(DIs estimated for
dermal absorption of chemicals of potential concern in sediments from Naylors Run
are presented in Table 6-21.

Current Land-Use: Ingestion of Fish from Cobbs Creek

Recreational fisherman who fish along Cobbs Creek may be exposed to chemicals of
_potential concern from the consumption of contaminated fish tissue. EPA (1989d)
guidance entitled "Assessing Human Health Risk from Chemically Contaminated Fish
and Shellfish* was used to estimate exposure from ingestion of fish. The
quantity and rate of fish consumption will vary depending on the region of the
country, age group, fishing pattern, and race. The following estimates

AR300615
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IR
Fl
EF
ED
BuW
AT
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" concentrate on the subpopulation of recreational fishermen and their families.

Potential exposures to recreational fisherman via ingestion of contaminated fish
for the RME case were calculated using the following equation:

(BPC} (CFy) (CF,) (IR) (X2) (B (ED)
(BN (AT

DI =

CDI = Chronic Daily Intake (mg/kg/day);

EPC = Exposure Point Concentration (ug/kg):
CF, = Conversion Factor %10‘g kg/ug);

CF, = Conversion Factor

107 mg/g);

Ingestion Rate (g/day):;

Fraction Ingested from Contaminated Source {(unitless);
Exposure Frequency (days{year);

Exposure Duration (years

Body Weight (kg); and
Averaging Time (days).

Exposure parameter values used to estimate exposure to recreational fisherman via
ingestion of fish from Cobbs Creek are discussed below and summarized in Table

The methods for estimating exposure point concentrations are
presented in Section 6.1.3.2.

This conversion factor of 10° kg/ug is used to convert fish
concentration mass units. )

A second conversion factor of 10 mg/g is used to convert the fish
ingestion rate mass units.

Pao et al. (1982) estimated that 132 g/day represented the 95th
percentile for individuals consuming fin fish averaged over a three

day period. Pao et al. (1982) estimated tha&i??Gﬁéﬁiﬁsfregesented
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Table 6-23

Exposure Parameter Values Used to Estimate
Exposure to Recreational Fisherman from [ngestion of Fish from Cobbs Creek

Parameter Valye Reference
CFy 10° mg/g - .-

CFy 107 kg/ug .-

IR 41.7 g/day (SRI, 1330)
Fl 1 {EPA, 1989a)
tF 365 days/year (EPA, 1980)
ED 30 years {EPA, 198%a)
B 70 kg (EPA, 188%a)
AT

Carcinogens 25.55Q days (EPA, 198%a)
Hon-garcincgens 10.950 days {EPA, 1989a)

6-68

AR300

617




FI:

EF:

Bi:

AT:

TCK 4212
RI REPORT

REV #1
24/3UN/91

the 50th percentile for the consumption of fin fish averaged over a
three day period, SRI (1980) reported that the daily average 95th
percentile for fish ingestion was 41.7 g/day. The value reported by

SRI (1980) of 41.7 g/day was used for the RME case in this
assessment.

This value is a measure of the fraction of fish ingested from Cobbs
Creek. To be conservative, 100 percent (FI=1) of the non-commercial
fish ingested was assumed to come from Cobbs Creek.

An exposure frequency of 365 days/year was used since the ingestion
rate is based on an annual average 85th percentile.

The 90th percentile of the number of years an individual lives in
the same area (i.e., 30 years) was used as the exposure duration
(EPA 1989a).

EPA (1985a) calculated an average body weight of 71.8 kg. This
value is approximately equal to the consensus value of 70kg which is
generally used as the average body weight.

The averaging time is 30 years (exposure duration) x 365 days/year
for noncarcinogens and 70 years (lifetime) x 365 days/year for
carcinogens.

An example calculation of the RME CDI for chemicals of potential concern for

ingestion of fish from Cobbs Creek assuming an exposure point concentration of
1 ug/kg is presented below:

.23 (1 ug/kg) (10" kg/ug) (103 mg/g) {(41.7 g/day) (1) (365 days/year) (30 years)

{70 xg) (2555C days)

AR300618
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CDIpg/ag-tay = 26 X 107

Thus, the CDI for ingestion of fish for carcinogens is 2.6 x 107 mg/kg/day
assuming a 1 ug/kg exposure point concentration in fish tissue. The CDI for
ingestion of fish for noncarcinogens is 6.0 x 107 mg/kg/day. CDIs estimated for
ingestion of fish for chemicals of potential concern detected in fish tissue
collected from Cobbs Creek are presented in Table 6-24.

Future tand-Use: Ingestion of Chemicals in Groundwater

Chemicals of potential concern in groundwater may be ingested if groundwater is
used as a source of drinking water under future land-use of the site. It is
assumed that a resident may install a well in the vicinity of the most
contaminated monitoring wells at the site. It should be emphasized that it is
highly unlikely that residents would actually use groundwater in the vicinity of
the Havertown PCP site as a source of drinking water in the future. Residents
in the area currently use municipal water provided by the City of Havertown, and
residential homes constructed in the future would likely be hooked-up to the city
water supply system. In addition, further commercial and industrial development
would likely use water supplied by the City of Havertown. However, this pathway
‘was quantitatively evaluated in this report in order to justify further
restrictions of groundwater use and in order to provide the basis for making risk
management decisions concerning remediation of groundwater at the Havertown PCP
site.

Potential exposures to chemicals of potential concern via ingestion of
groundwater for the RME case were calculated using the following equation:

. {EPO) (IR) (EM) (ED) (M)
CDI(ng/ kg/ day) B AT

AR300619
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Table 5-24

Chronic Daily Intakes {CDIs) Estimated for
Ingestion of Fish Caught Downstream
from the Havertown PCP Site in Cobbs Creek

RME RME CDI (a}

Exposure Point

Concentration
Chemical (Units: ug/kg). (a) Carcinogens Noncarcinogens
Chlordane (total) 238 6.1E-5 1.4E~4
Dieldrin 450 1,2E-4 2.7E-4
Heptachlor Epoxice az 9.5t-6 2.2E-5
2.3.7.8-TCDO (Equivalent) 0.007 -9 4.2E-8

{a) Exposure point concentration and exposure associated with 1nz=.zi1on of white suckers. Exposure

associated with ingestion of sport fish may be much Jower given their foraging dbehavior which may
rasult 1n lower fish tissue concentrations.

= ar300620 @
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Chronic Daily Intake (mg/kg/day);
Exposure Point Concentration (ug/L);
107 mg/ug;

Ingestion Rate (L/day);

Exposure Frequency (days{year).
Exposure Duration (years

Body Weight (kg); and

Averaging Time (days).

Exposure parameter values used to estimate exposure to hypothetical residents via
ingestion of groundwater are discussed below and summarized in Table 6-25.

EPC:

CF:

IR:

EF:

ED:

The methods for estimating exposure point concentrations are
presented in Section 6.1.3.2.

A conversion factor of 10° mg/ug was used to convert mass units.

Gillies and Pauiin {1983) estimated the 90th percentile of daily
water consumption to be 1.9 L/day. Studies conducted by Cantor
etal. (1987) suggested an ingestion rate of 2.0 L/day represented a
90th percentile of the ingestion rate distribution. EPA (1989a),
after reviewing available data, concluded that a groundwater
ingestion rate of 2.0 L/day represents a reasonable maximum
ingestion rate. Using this value in the risk assessment, however,
assumes that the individual ingests water only from one's own tap
during the course of the day. Data presented in EPA (1983b) suggest
that individuals may receive approximately 30 percent of their
drinking water from sources other than their own well.

For the RME it is assumed that a resident ingests groundwater from
their own private well 365 days per year.

The 90th percentile of the number of years an individual lives in

AR30067
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Tabie 6-25

_ Exposure Parameter Values used to Estimate
Exposure to Hypothetical Residents via Ingestion of Groundwater

Parameter Valye Reference
CF 10° mg/ug ---

IR 2 L/day {EPA, 1985}
EF 385 days/year (EPA, 198%a)
ED 30 years (EPA, 19BSa)
BW 70 kg (EPA, 1985)
AT

Larcinogens 25,550 days {EPA, 1989a)
Hon=carcincgens 10,850 days (EPA, 1989a)
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- the same area (i.e., 30 years) was used as the exposure duration
(EPA 1989a).

BW: EPA (1985a) calculated an average body weight for males and females
of 71.8 kg. This value is approximately equal to the consensus
value of 70 kg which is typically used as the average body weight.

AT: The averaging time is 30 years (exposure duration ) x 365 days/year
for noncarcinogens and 70 years (lifetime) x 365 days/year for
carcinagens.

An example calculation of the RME CDI for chemicals of potential concern for

ingestion of groundwater assuming an exposure point concentration of 1 ug/L is

presented below:

oI - A1 ug/L) (1 x 107 mo/ug) (2 L/day) {365 days/year) (10 years)
o/ e/ sty (70 kg) {25,550 days)

&BX = 1.2 x 10™* mg/kg/day

Thus, the CDI for ingestion of groundwater for carcinogens is 1.2 X 10°
mg/kg/day assuming a chemical concentration of 1 ug/L. The CDI for ingestion of
groundwater for noncarcinogens is 2.9 x 10° mg/kg/day. CDIs estimated for
ingestion of groundwater for chemicals of potential concern are presented in
Table 6-26.

Future Land-Use: Inhalation of VOCs while Showering

There is research evidence to suggest that the exposure to VOCs via inhalation
while showering is approximately equal to the exposure from ingestion. Using the
exposure calculated for ingestion in place of the inhalation exposure would be
practical given the level-of-effort necessary for performing the shower model for
each chemical of potential concern. Certain EPA Regions such as Region IX have
adopted this approach as a standard practice for estimating eﬁoﬂstéré %nd risk via
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Table 6-28

Chronic Daily Intakes (CDIs) Estimated for Ingesticn of
Groundwater from the Havertown PCP Site by Hypothetical
Residents for the RME Case

RME RAME CDIs
Exposure Point {mg/kg/day)
Congentration
Chemical {a) {ug/L) Carcinogens Noncarcinogens
Organics:
Benzene 230 2.8E-3 6.6E-3
1.2-Dichioroethene (total) 245 - - 7.1E-3
bis(2=Ethylhexyl)phthalate 180 2.2¢-3 5.2E-3
Benzo(a)pyrene (Egquivaient) 741.8 8,98-3 2.2E-2
¥ luoranthene 810 - - 2.3E-2
Haphthalene 24,000 - - 6.8E-1
fentachlorophenol 80.000 8.6E~1 2.3E+0
Trichloroethene 465 5.6E-3 1.38-2
Vinyl Chloride 5.1 1.1£-4 2.8E-4
2.3,7.8-TC0D {Equivaient) 0.174 2.1E-6 5.0E-6
[norganics:
Arsenic 22.7 2.7E-4 6.5E-4
Manganese 22,800 - - 6.4E-1
Thallium 1.7 - - 4.9€-5
{a) Toxicity criteria were not available for dibenzofuran, 2-methylnaphthalene, acenapthene, phenanthrene,
aluminum, and cobait: therefore, CDIs were not estimated.
(b} The same CDI is used for evaluating both nencarcinogenic and carcinogenic effacts since the individual

is assumed to be exposed over a lifetime (see text for furtner discussion].

(AR300624 @
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inhalation in order to expedite the risk assessment process. A sensitivity
analysis was performed to determine whether it is appropriate to use
an ingestion rate CDI to estimate exposure from inhalation.

Potential exposure to an individual per shower via inhalation of VOCs for the RME
case can be calculated using the following equation (Foster and Chrostowski
1987) :

Einh = {Vz] (S) - - _
B 0oy (Os * P (~RD) /R = @xp[R(D, -D)1/R}

where:
Einh = Inhalation Exposure per Shower (mg/kg-shower):
VR = Ventilation Rate (1/min);
BW = Body weight (kg);
D, = Total Duration in Shower Room (min};
D, = Shower Duration (min);
S = Indoor VOC Generation Rate (ug/m’-min); and
R =  Air Exchange Rate (min)

The model developed by Foster and Chrostowski {1987) has been validated based on
available experimental data. The results of the validation indicate that the
model produces reliable air concentrations from the volatilization component.
Exposure per shower calculated from the model can be used in the following
equation to estimate the CDI.

(27} (ED) {Eink)

Clagirgtaer * @an

where:
D1 = Chronic Daily Intake (mg/kg/day;;
EF = Exposure Frequency (shower/year);
ED = Exposure Duration (years);
Einh = Inhalation Exposure per Shower (mg/kg/shower); and
AT = Averaging Time (daysg.

AR300625
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Table 6-27 presents CDIs estimated for five VOCs in shower room air modeled using
the approach outlined by Foster and Chrostowski (1987) and CDIs estimated for
ingestion of groundwater. In comparing exposures from daily groundwater
ingestion to exposures from inhalation during daily showering, it may be
concluded that these pathways presented similar exposures. Therefore, it is
reasonable to assume that VOC exposures to individuals via inhalation are
equivalent to exposures from ingestion. Thus, groundwater ingestion exposures
calculated for VOCs presented in Table 6-26 will be used as the CDIs for
inhalation exposure in this assessment. However, inhalation toxicity criteria

will be used, where available, for estimating potential carcinogenic and
noncarcinogenic risks.

A pharmacokinetic model was used to estimate exposure to children from lead
present in Naylors Run {all of the lead data in groundwater was rejected due to
blank contamination). The Iniegrated Uptake/Biokinetic (IU/BK) model is a
computerized pharmacorinetic model that analyzes the affects of lead upon
chemicals (i.e., estimating CDIs) cannot be used to analyze the effects of lead
poisoning because unlike most chemicals (which have a threshold for
noncarcinogenic effects) lead may impact development of neurological function at
any dose level (i.e., no threshold).

The IU/BK model essentially quantifies the distribution of possible lead
concentrations in the blood using a multimedia approach. The IU/BK consists of
two basic moduless 1) the uptake of lead, and 2) the biokinetics of lead in the
body. Uptake of lead is defined as the amount of lead that is absorbed into the
body's blood-plasma system from various sources {i.e, ingestion, inhalation, and
dermal absorption). Using absorption factors calculated from the above uptakes,
the biokinetic model calculates the amount of lead that will occur in a number

AR300626
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Tabie 6-27
Comparison of Exposures Estimated for
Innalation Whnile Showering versus Ingestien

Exposure from
Inhalation During
Shower

Exposure from
Ingestion of
Grounawater

Chemical {mg/kg/day)™ (mg/kg/day)™
Benzene 2.26 x 107 2.18 x 107
Chioroform 1.88 x 192 2.18 x 107
Tatrachioroethane 1.75 x 107 2.18 x 10°
Trichlorgethene 1.89 x 107 2.18 x 107
Vinyl chloride 2.50 x 10° 2.18 x 107

{a) The upper-bound scenarie for inhalation during a shower using a water concentration = 75 ug/L, an air
exchange rate = 0.5 hr'', and a 15-minute shower with 5 minutes in the snower room after the water was turned

off,

{b) An exposure point concentration of 75 ug/L was used for all chemicals (see also the discussion on

estimating exposure for ingestion pathways).
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of "body compartments®. In the body, lead is exchanged among body compartments
such as plasma and the extra cellular fluid (ECF) pool, vred blood cells (RBC
pool), kidneys, liver, trabecular bone, cortical bone, and other soft tissue
pools. The important factor of the biokinetic module is the transition time for
the movement of lead between compartments (which include removal by feces and
urine). The transition time is the rate determining factor which determines the
rate at which lead enters, resides, and then leaves each compartment during a
monthly fteration. The transition time is calculated on a monthly basis and is

dependant upon the body weight and individual compartment weight at that monthly
age.

In this assessment, potential exposure to lead via incidental ingestion of
sediments from Naylors Run were evaluated. The exposure point concentration for
lead in sediments was used as the soil concentration in the IU/BK model. Default
values for other parameter values in the model were used to estimate exposure
from other sources such as drinking water, air, maternal sources, etc.

In accordance with EPA Regfon III guidance (EPA 199ic), the default geometric
standard deviation (GSD) of 1.42 was changed to 1.7, based on more recent data
on the GSD of blood lead levels in children at hazardous waste sites (i.e.,
Baltimore Lead Abatement and Cincinnati Lead Abatement studies, as cited in EPA
Region III guidance [1991c]).

stimating E;

Nursing infants may be indirectly exposed to dioxins and furans in fish tissue
{under current land-use conditions) and groundwater (under future land-use
conditions) via lactational transfer assuming that the mother is directly exposed
to dioxins and furans in fish tissue or groundwater. Exposure to nursing infants
was estimated using a pharmacokinetic model that quantifies exposure to the
infant based on exposure to the mother, This model assumes that prior to
AR300628
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lactation, the levels of dioxin and furan have reached steady-state conditions
in the fat tissue of the mother. Thus, the mother has been exposed for several
years prior to the commencement of breast feeding.

Modeling Approach - The pharmacokinetic model used in this report to estimate
exposure to nursing infants was derived from modeling results presented in Smith
(1987). Smith (1987) derived the following equation for estimating the dose (mg)
to the nursing infant on day *T* after the commencement of breast feeding:

- bflfJf‘ Kr,1 _ 1 m
Dose (ng) % [ma (-E ka) + -.E;

where:

average breast-milk ingested per day by the infant (kg);
proportion of maternal dioxin and furan in fat;
proportion of maternal weight that is fat;

proportion of breast-milk that is fat;

proportion of ingested dioxin and furan that is absorbed;
exposure to the mother (mg/kg/day);

day T of nursing;

in(2) , b4,

N -

-~

—la—h‘:h"'h-‘ht:‘
Hnn uwH NN

K ==3 FA
h = half-life of dioxin
k= 1n1(12) ' ;and

W = maternal body weight (kg).

This equation takes into account the release of dioxin and furan from the body
due to lactational transfer. The highest dose is received by the infant on the
first day of feeding, followed by lower doses after subsequent feedings. To
estimate the total dose (mg) to the child over the entire exposure duration
(i.e., 2 years), the sum of all the daily doses is calculated using the eguation

AR300629
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presented above. To estimate the CDI for evaluating noncarcinogenic effects, the
sum of the daily doses is divided by the number of days in the exposure duration
and average body weight of the infant. To estimate the CDI for evaluating the
increased risk of carcinogenic effects, the sum of the daily intakes is divided
by an average 1ife-time and average body weight of the infant.

The following equation was used to estimate the CDI of a nursing infant:

bfxf:f; mesT 1 _ 1 am
chronic Daily Intake (ng/ke/day) = £t ?; [ i-4).2

where {also see descriptions above):

Wy = body weight of the infant at one-half the exposure duration;
ED = exposure duration (days); and

AT = averaging time, 730 days (i.e., numbers of days in the
exposure duration).

The above equation can be solved directly using the equation presented below,
since the above equation represents the summation of a finite geometric series
(see descriptions above for model parameters).

bf, L m

Chronic Dally Intake {mg/kg/day) = —1 31 4_
_ ¥ Ing/ Kg Y ZoWarsAT

1_2Yaa-e%® _ ED
X

— - =
kb

(1 - e K,

To calculate the CDI for evaluating carcinogenic risk, the averaging time is set
equal to the number of days in a life-time.

fodeling As ions - Parameter values used to estimate exposure to nursing

infants are presented in Table 6-28. The parameter vaiues re;ﬂ-ﬁ?b étg é:gst .
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Table 6-28

Parameter Valyes Used te Estimate Exposure to Nursing Infants

fxposyra
Aarameter vaiue Seseription Reference
b 0.8 kg/day Kilograms of breast milix Butte et al. (1984}
ngested by the infant per Whitehead ang Paul
cay {1981} (as cited 1n
Smith, 1987}
5 0.51{a) Proportion of maternal King at al. {1983}
dicxin ang furan in fat
f2 0.3 Proportion of maternal Timson and
weignt that is fat Coffman (1984)
Butte et al. (1984)
¥q 0.038 Proportion of breast- EPA (1388a)
milk that is fat
fa 0.568 Proportion of dioxin EPA (1988a)
and fuyran absorbea
m Pathway specific Maternal Exposure to’
Dioxin Equivaients
n 1.825 days Half-1ife of dioxin EPA (19B8a)
{1.e.. 5 years) squivalents -
kK 3.8E-4{b) Elimination rate censtanc {c} EPA {1988a)
Ky 1.1E-3(d) Adjusted Eliminatien rate Smith (1987)
constant (e}
W 70 kg Maternal weight EFA (1988a)
~£D/2 8.3 Infant body weight at one EPA (1988a}
year (i.e., halt the
exposure duration)
! 730 days Duration of lactation
(i.e., 2 years)
AT 1,825 days Averaging time for evaluating EPA (132Ba)
(i.e., 2 years) nongarcinogenic effects
27,375 days Averaging time for evaluating EPA (1588a)
{i.e., 75 years) carcinogenic effects
1a) Based on the fat volume distribution {12L) divided by the overail voilume distribution (23.55L) for diwoxt-
toxicity equivalents in experimental mankeys.
i5) Calculated from the expression k, = LN (2)/(half-Tife) and assuming a half-life of 1,825 days (i.e..
yaars).
vel Rate constant does not factor in maternal losses of dixoin equivalents via breast milk release.
ia)
iy = 0.693 . bf, £,
J.1 LW
(e} Rate constant factors in matarnal losses via breast milk release.
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estimates based on existing information. An 8.3 kg nursing infant was assumed
to ingest 0.8 kg of breast milk per day over a 2 year lactation period. The
mothers breast-milk was assumed to contain 3.6 percent fat and the mothers body
was assumed to be 30 percent adipose tissue. The half-life of 2,3,7,8-TCDD
(Equivalent) was assumed to be five years. The levels of dioxin and furan in
maternal adipose tissue were assumed to have reached steady-state conditions.
Dioxin and furan specific model parameters include a fat partitioning coefficient
(f,) and percent bioavailability (f,) (i.e., absorption of dioxin through the
gastrointestinal tract of the wmother). Limited data were available for
estimating f, and f, parameter values for 2,3,7,8-TCOD (Equivalent). For
2,3,7,8-TCDD (Equivalent), a fat partitioning coefficient of 0.51 (f,) was
derived by a study conducted by King et al. (1983), which was cited in EPA
(1988a). Fries and Marrow (1975) reported that the percent absorption of
2,3,7,8-TCOD may range from 50% to 60% for rats fed feed. Rose et al. (1976)
reported a percent absorption of 86% for 2,3,7,8-TCDD fed acetone and corn oil
via gavage. Based on these studies, EPA (1988a) recommends using a 68%
absorption factor (f,) for 2,3,7,8-TCDD (Equivalent).

CDIs for nursing infants indirectly exposed to dioxin and furan in fish tissue
and groundwater are presented in Table 6-29. For evaluating noncarcinogenic
risk, the CDI (mg/kg/day) of 2,3,7,8-TCOD (Equivalent) for nursing infants was
estimated to be 8.4 times the maternal CDI over a two year exposure duration.
Thus, the noncarcinogenic exposure and risk to nursing infants can be estimated
by multiplying the maternal noncarcinogenic exposure by a factor of 8.4. For
evaluating carcinogenic risk, the CDI (mg/kg/day) to nursing infants was
estimated to be 22 percent of the CDI for the mother, assuming that the infant
is exposed only during the first two years of life, while the mother is exposed
over a lifetime. Thus, nursing infant exposure may increase an individuals
lifetime cancer risk by 22 percent, assuming that the individual is exposed at
a similar level as the mother over a lifetime.

ar3ooe3z @
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Table 6-2§

Chronic Qaily [ntakes {C0lIs) Estimated for
Nursing [nfants Exposeg t¢ 2,3,7,8-TCOD (Equivalent)
via Ingestion of Contaminatedg Breast Milk

Materna}

Nursing Infant (DI

Maternal
£xposure Col Carzinogans Noncarcinogens
Pathway (a) (mg/kg/day) {b) {c)
Current Land-lse:
Ingestion of fish 4.26-9 ) 8.4E-10 3.36-8
Future Land-lse:
Ingestion of groundwater 5.0E-6 1.0E-6 3.9E-5

{a)
ICH

{c}

Pathway by which mother 1s exposed.
Cancer CD]l assumes 1nfant is only exposed from ingestion of breast miik.

Exposu}e from other routes

after lactation period is assumed to be zero. Infant life-time average exposure (over the Z years of

exposure} 15 Z0 percent of the mother’s average Tifetime daily exposure.
Infant average daily exposure is approximately B times the mother's avera
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6.1.4 Toxicity Assessment

This section evaluates the carcinogenic and noncarcinogenic toxicity of chemicals
of potential concern selected in Section 6.1.2. Toxicity assessment is the
process of evaluating the potential for a chemical to cause an adverse health
effect in humans and, if possible, to quantify the relationship between exposure
levels (i.e., dose) and the adverse health effect. Hazard identification is the
first step in conducting a toxicity assessment which involves evaluating the
potential for a chemical to cause an adverse health effect. Dose-respodse
evaluation is the second step in the toxicity assessment process which attempts
to quantify the re1a€§onship between dose of the administered chemical and the
jncreased incidence of the adverse health effect.

The slope factor is used to evaluate the potential carcinogenic risks associated
with exposure to a chemical of potential concern. The reference dose (i.e., RfD)
is used to evaluate the potential noncarcinogenic risks associated with exposure
to a chemical of potential concern. Toxicity criteria and supporting toxicity
data used in the baseline risk assessment were obtained from the Integrated Risk
Information System (IRIS) (EPA 1991d), Fourth Quarter Health Effects Assessment
Summary Tables (HEAST) (EPA 1990c), Health Effects Assessment documents, Toxicity
Profiles developed by the Agency for Toxic Substances and Disease Registry
(ATSDR), and other sources. This report evaluates both chronic oral exposure for
all chemicals of potential concern and inhalation exposure for VOCs in
groundwater. 1In addition, dermal absorption of chemicais of potential concern
in sediment and surface water were evaluated, however, dermal absorption RfDs and
slope factors were not available for the chemicals evaluated in this report.
Therefore, oral toxicity criteria were used to evaluate the toxicity of chemicals
for the dermal absorption route.

AR3006 3L
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6.1.4.1 Toxicity Criteria for Evaluating Potential Carcinogenic Effects

The slope factor, expressed in mg/kg/day™, quantifies the potential cancer
potency of a chemical for evaluating the carcinogenic risks associated with
exposure. Unlike noncarcinegenic effects, a small number of molecular events may
alter a cell in such a way as to cause uncontrolled cellular proliferation,
thereby resulting in disease (i.e., carcinogenic effect). Therefore, any
exposure may result in the manifestation of a carcinogenic effect. Thus, no
exposure is considered risk free.

To evaluate the potential carcinogenic toxicity of a chemical, EPA first
determines the likelihood that the chemical is a human carcinogeh. EPA uses a
classification system (i.e., weight-of-evidence classification) for
characterizing the potential carcinogenicity of a chemical based on the evidence
presented in animal and human studies. The weight-of-evidence classification
scheme is presented below:

A - Human Carcinogen;

Bl - Probable Human Carcinogen, based on limited human data;

B2 - Probable Human Carcinogen, based on sufficient evidence in animals
and inadequate or no evidence in humans;

C - Possible Human Carcinogen;
D - Not classifiable as to human carcinogenicity; and
E - Evidence of noncarcinogenicity for humans.

If the chemical 1s a human carcinogen (Group A) or a probable human carcinogen
(Group Bl or Group B2), then a slope factor is calculated for the chemical which
quantifies its cancer potency. In certain cases, slope factors are derived for
possible human carcinogens (Group ¢ compounds). Slope factors are derived by
extrapolating dose-response relationships measured under high dose conditions in
laboratory animal studies or epidemiological studies to low dose conditions
typically encountered at Superfund sites. The first step i?Kderiving slope

308635
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factor involves fitting a mathematical model to the experimental data (EPA
1986a). Of the available low dose extrapolation models (i.e., Weibull, probit,
logit, one-hit, and gamma multihit models), the more conservative linearized
multistage model is typically used to derive a slope factor from animal data.
This model assumes that the dose-response relationship at low doses is linear.
Once the data are fit using the linearized multistage model, the 95th upper
confidence 1imit on the slope of the line is calculated which represents the
slope factor. Slope factors are then verified and validated by the Carcinogen
Risk Assessment Verification Endeavor (CRAVE) Workgroup before being placed on
IRIS. Slope factors based on epidemiological data are fit on an ad hoc basis.
Slope factors and supporting toxicity data for chemicais of potential concern are
summarized in Table 6-30.

6.1.4.2 Toxicity Criteria for Evaluating Potential Noncarcinogenic Effects

The reference dose, expressed in mg/kg/day, is used to evaiuate the potential
noncarcinogenic risks associated with exposure to a chemical of potential concern
at a Superfund site. A chronic RfD is defined as an estimate of a daily exposure
Jevel for the human population, including sensitive subpopulations, that is
1ikely to be without an appreciable risk of deleterious effects during a 1ifetime
based on an administered dose (EPA 1989a). It is assumed that a protective
mechanism in the body must be overcome in order for a noncarcinogenic effect to
occur (i.e., threshold effect). For example, numerous cells in an organ must be
damaged before an effect may be manifested.

In general, RfDs are derived from animal laboratory studies or human epidemiology
studies. These studies are reviewed to derive a no-observable-adverse-effect
level (NOAEL) for the chemical. The lowest-observable-adverse-effect level
(LOAEL) is used when a NOAEL cannot be derived from the study. In this case, an
additional uncertainty factor is applied to estimate the RfD. Uncertainty

factors (UF) are applied to the NOAEL (or LOAEL) to account for various types of

uncertainty including: AR30308636
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Table 6-30

Chronic Carcinogenic Toxicity Criter:a {5Fs)
for Chemicals of Concern av the Havertown PCP Sita

Slope Facter {5F) weght-of-Evigence Type of

Route/Chemical {(a) {mg/kg/day}"’ Classification (b) Cancer 3% Source

‘Zra) Route

grganics: . . o R
Benzene | 2.9E-2 A -euxemid RIS
Benzo{a)pyrene [Equivalent) 1.28+1 82 Stomach HEAST™
Chlordane {total) 1.3E+0 82 Liver IRIS
Dieldrin 1.6E+] B2 Liver IRIS
bis{2-Ethyhexyl)phthlate 1.4E-2 - B2 Liver {RIS
Heptachler Expoxide 9. 1E+0 82 _Ltver {RIS
Pentach iorgpneno 1.2E-1 BZ Liver HEAST
2.3.7.8-TCOD (Equivalent) 1.5E+5 - B2 Liver & HEAST

other
organs

Trichloroethene 1.1g-2 BZ Liver HEAST
Vinyl Chloride 1.98+0 A Lung HEAST

inorganics:
Arsenic 1.78+0 A Lung RIS

Inhalation Route {c}] )
Benzene 2.98-2 A Leukemia HEAST
Trichlioroethene 1.78-2 ' Bz Lung HEAST
Vinyl ChIoride. 3.0E-1 A Liver HEAST

* IRIS data obtained March 1391,
== Fourth Quarter HEAST data used {September, 1990}.

{a) No toxicity criteria were available for the following chemicals of potential concern:

lead, dibenzofuran, endosulfan suifate, acenaphthene, phenanthrene, Z-methyinaphthaiene.
Criteria on carcinogenicity were not avialable for the folliowing chemicals: antimony, barium, chromium,

manganese, nickel, thallium, vanadium, and fluoranthene.
{b) See text for weight-of-evidence classification description.

aiuminum, cobalt,

(e} Inhalation toxicity criteria presentea for chemicals in groundwater that may volatilize while showering.
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. variation in the human population (UF = 10);
. extrapolation from animal to human studies (UF = 10);

. derivation of a chronic RfD from a subchronic NOAEL (UF = 10); and
. derivation of a chronic RfD from a chronic LOAEL (UF = 10).

An additional safety factor, referred to as the modifying factor (MF), may be
applied when deriving the RfD to account for other sources of uncertainty in the
study. The modifying factor is a value that ranges from 1 to 10 which is
assigned based on a qualitative evaluation of the study. RfDs are developed by

the intra-agency RfD Workgroup in accordance with EPA guidelines (EPA 1986b, EPA
1989e,f).

The approach discussed above can be used to evaluate the noncarcinogenic effects
associated with chemicals at the Havertown PCP site with the exception of lead.
Recent studies on the noncarcinogenic effects of lead suggest that developing a
RfD would not be appropriate given that the effects may not have a threshold.
EPA recommends using a pharmacokinetic model known as the Integrated
Uptake/Biokinetic (IU/BK) model to determine blood lead levels in children (see
Section 6.1.3.4 for more information concerning the IU/BK model). The model is
used to predict the proportion of the population above the interim criteria of
10 ug/d1 of lead in blood. Blood lead levels in children above 10 ug/dl show
indications of peripheral nerve dysfunction, indexed by slowed nerve conduction
velocities (NCV) based on collective neurobehavioral studies of CNS cognitive
effects. These results may be indicative of a likely association between
neuropsychological defects and 1ow-level lead exposures.

RfDs and supporting toxicity data for chemicals of potential concern are
summarized in Table 6-31. Toxicity profiles for the primary chemicals of concern
at the Havertown PCP site (i.e., dioxin, PAHs, and PCP) are attached. For the
majority of the exposure pathways evaluated in this report, dioxin, PAHs, and PCP
accounted for over 95 percent of the total carcinogenic and noncar(ﬁj rogen iy £1318

- o w2
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Tapie 2-3;

Chronic Noncarcrnogenic Taxigity Criterta (RFDs)
for Chemicals of Concern at the Havertown PCP Site

Chranic RfD

(mg/xg/day)  Condifence Critical RFD  Uncertainity {(c) ana
Chemical (a) {oral route) Level (b) Effect Source Modifying Factors
Croanics: ] ] e : T ]
chicroane (total) 5.0E-5 Low Regional Liver RIS ** UF = 1000 for H.A.5;
hypertropny in femaies MF = |
{.2-Dichloroethene {tozal) £.20-2 - - - - Decreased hematocr:t and HEAST * UF = 1000 for H.A.S
nemogiogin, 1ncreaseg serum
akaline phosphatase
Jieldrin 3.0E-8 Med1um Liver Lesions IRIS UF = 130 for H.A:
MF = 1
215(2-Ethythexyl}phthalate 2.0E-2 Medium Increased relative IRIS UF = 1000 for H.4,5;
‘ liver weight MF = |
r lucranthene 4. 0E-2 - - - Nephropathy, liver weight HEAST UF = 300 for #,A.5
Changes, hematoiogical cnanges
daptachlor £poxide 1.3E-5 Low Increased liver-to-body IRIS UF = 1000 for H.A.L;
welight ratio MF = ]
Yapnthaiene 3.0E-3 --- Ccular and internail Lesions REAST “UF = 10,000 for H,A,S,L
Pentacnlergphenct 3.0E-2 Medium Liver and Kidney IRIS UF = 100 for H,A; MF = ]
2,3.7,8-TCOD {Equivalent) i.DE-9 - - - Reproduction HA UF = 1000 for H.A,L; MF = 1
LnoTganics:
Antimony 4.0E-4 Low 8icod glucose, IRIS UF = 1000 far H.A,L:
. cholesterai MF = |
Arsenic 1.0E-3 --- Keratosis and IRIS UF = |
hyperpigmentation
3arium 7.0E-2 Medium Increased blood IRIS UF = 3 for d;
pressure MF = |
Zhromium {hexavalent} 3.0E-3 - - - None ohserved IRIS UF = 500 for H,A.S
Manganese 1.0E-1 Medium Central Nervous IRIS UF = 1;
System £ffects MF =]
Nickel 2.0E-2 Medium Decreased body IRIS UF = 300 for H.,A.S:
and organ weights MF = 3
Thallium 7.QE-5 .- Increased SGOT HEAST UF = 3000 for H.A.S
and serum LOH
levels, alopecia
Vanadium 7.0E-3 - - - Nona observed HEAST UF = 100 for A,S
- - -- fo data availabie
b HEAST data used from September, 1990

i IRIS data obtained March, 1551

No toxicity criteria wers available for the following chemicals of patential concern:
endosulfan sulfate, acenaphthene, phenanthene, and 2-methyinaphthalene.

aluminum, cohalt,
Criteri1a on effects other than carcinogenicity

tead, dibenzofy

not available for benzo(a)pyrene (equivaient) for the oral route; nor for benzene, l.2-dichloroethene (total), trichloroetn
and vinyl chloride for the inhalation route.

(b}
(e}

[ aal o B e o
[ )

Confidence level as given by IRIS
Uncertainity adjustments represent the following combined extrapolations:
= variation in human sensitivity;
animal to human extrapoiation:
extrapolation from subchronic to chronic NOAEL; and
extrapglation from a LOAEL to 2 HOAEL,
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TOXICITY PROFILE FOR DIOXIN (2,3,7,8-TCDD)
General Description

Chemical Properties:
Molecular Formula: CH,C10, (Sax 1984)
Molecular Weight: 321.96 (Sax 1984)

Half-Life: The half-life of 2,3,7.8-TCD§ in water is 1-2 years and 10-12
years in soil {EPA 1984a).

Fate: Based on available data, the vertical movement of 2,3,7,8-TCDD in
soil is negligible under most conditions; however, dioxin may leach from
soil with low organic content (EPA 1984a).

Carcinogenic Effects

Hazard Identification/Dose Response Assessment - Toxicological data on
chlorinated dibenzo-p-dioxins {CDDs) and chlorinated dibenzofurans (CDFs) have
been compiled and evaluated in several reports (EPA 1984a, 1985¢c, 1988d; Ontario
Ministry of the Environment 1984). Of the 210 congeners of CDDs and CDFs, the
compound that appears to be the most toxic is 2,3,7,8 tetrachlorodibenzo-p-dioxin
(2,3,7,8-TCDD). Experimental studies with 2,3,7,8-TCDD in animal systems have
demonstrated a variety of toxic effects resulting from exposure to this compound
(EPA 1985c). These effects include carcinogenesis, cancer promotion,
reproductive and developmental effects, immunotoxic effects, thymic atrophy,
liver damage, and changes in the skin and thyroid. Acute exposures of sensitive
species of animals to 2,3,7,8-TCDD resulted in a characteristic “wasting
syndrome,® followed by death. Extensive experimental studies indicate there is
a marked variation among species in both the array of effects caused by
2,3,7,8-TCOD and the dose levels at which these effects are elicited (EPA 1985c,
Pitot et al. 1986). Limited toxicological testing of other CDDs/CDFs has shown

, N AR3006L
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that several of these compounds cause similar toxicological effects, but that

higher doses are generally required to cause effects of comparable magnitude to
those induced by 2,3,7,8-TCDD.

In humans, the nature and extent of effects of 2,3,7,8-TCDD are less well-defined
(EPA 1985c, Ontario Ministry of the Environment 1984, Pitot et al. 1986). There
is a consensus that exposure of humans to 2,3,7,8-TCDD can result in a skin
condition known as chloracne, an acne-like 1lesion which, while not
life-threatening, can be disfiguring, persistent, and refractory to treatment.
Several studies of human populations exposed to chemical mixtures containing
2,3,7,8-TCDD have suggested increased frequencies of certain cancers (e.qg.,
Hardell and Sandstrom 1979, Hardell et al. 1981, Thiess et al. 1982, MDPH 1983a,
Hoar et al. 1986). However, the studies are incompliete and inconsistent (U.S.
EPA 1985¢c, Blair 1986). There is similarly inconclusive evidence for
reproductive impairment in humans exposed to 2,3,7,8-TCDD (including one study
conducted in Midland Co. MI: MDPH [1983b]). Other effects in humans that have
been more clearly asscciated with exposure to 2,3,7,8-TCDD include disturbances
in lipid metabolism (Moses et al. 19884, Suskind and Hertzberg 1984) and increased
frequency of gastric ulcers (Bond et al. 1983, Suskind and Hertzberg 1984).

Additional information on the toxicoiogic effects of CDFs in humans have been
observed due to two large-scale poisoning incidents in Japan and Taiwan
(Kuratsune and Shapiro 1984). The exposed individuals ingested food contaminated
with a mixture of CDFs, polychlorinated biphenyls (PCBs) and polychlorinated
quarterphenyls (PCQs). Comparative toxicological studies indicated that CDFs
were the primary toxic agents in these poisonings and that 2,3,4,7,8-PeCDF was
probably the most important single compound (Masuda and Yoshimura 1984; Kunita
et al. 1984, 1985; Bandiera et al. 1982; Masuda et al. 1985; Chen et al. 1685;
Miyata et al. 1985). The most important toxic signs were skin eruptions similar
to those of chloracne, along with skin pigmentation and eye abnormalities (Lu and
Wong 1984, Urabe and Asahi 1985). Other effects observed included changes in
1ipid metabolism and immune function (Okumuru et al. 1974; Chang et al. 1982a,

693 AR3086LZ
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1982b) and persistent respiratory symptoms (Nakanishi et al. 1985). Excess
frequency of liver cancer and possibly lung cancer have been reported within 15
years after exposure among males (Kuratsune et al. 1987). Reproductive effects
including menstrual disturbances (Kusuda 1971), skin hyperpigmentation in infants
(Yamashita and Hayashi 1985, Hsu et al. 1985) and perinatal mortality (Hsu et al.
1985) have also been reported in the literature. The fact that these effects
observed in humans are qualitatively similar to those reported in animals exposed
to CDFs and CDDs (McNulty 1985) provides support for the use of animal data as
the basis for hazard assessment for other members of these families of compounds.

The EPA has determined that the critical endpoints for purposes of assessing risk
associated with exposure to CDDs/CDFs are cancer and reproductive effects,
including teratogenesis as well as other non-cancerous effects. These effects
will be discussed in the following sections.

arcinogenic Effects - The EPA Health Assessment Document on CDDs summarized
evidence that 2,3,7,8-TCDD is an animal carcinogen {EPA 1985c). These findings
are based on laboratory results that indicate that exposure of rats and mice to
2,3,7,8-TCOD at very low doses produces tumors at several sites, but primarily
in the liver (Kociba et al. 1978, NTP 1982). On the basis of these animal
studies, short-term tests and structure/activity considerations, EPA concluded
that 2,3,7,8-TCDD should be regarded as a *probable® human carcinogen (EPA
1985c). The agency therefore designated 2,3,7,8-TCOD as a *B," carcinogen
because there is "sufficient® evidence of carcinogenicity from animal studies,
but *inadequate® evidence from human epidemiological studies (EPA 1986a).

EPA has developed a Dose-Response Assessment for 2,3,7,8-TCDD based upon data
from the study by Kociba et al. (1978). EPA employed the linearized multi-stage
{LMS) model to estimate an upper bound for the excess lifetime cancer risk at
doses below those used in animal experiments. In order to extrapolate from
dose-response data in animals to predict human risk, EPA used its standard
e doses on ig, i
procedure of adjusting relative dose a body surface area baswg 5?52}%1.?
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of relative metabolic rate (EPA 1985c). Experimental animal data were used to
estimate an upper bound on the cancer slope factor for 2,3,7,B-TCDD. The cancer
slope factor is equivalent to the slope of the projected linear dose-response
curve in the low-dose region, adjusted to apply to humans. The cancer slope
factor (referred to as g,*) for 2,3,7,8-TCOD is 1.5 x 10° (mg/kg/day)” (EPA
1990e). The actual siope is not likely to exceed this upper bound estimate.

In recent years, several alternative approaches to carcinogenic risk assessment
for 2,3,7,8-TCDD have been presented by scientists or regulatory agencies, both
in the U.S. (Miller 1983, Kimbrough et al. 1984, Portier et al. 1984, MDH 1985,
MDPH 1986, Hoel 1986, Sielken 1987, Shu et al. 1987, Thorslund et al. 1987) and
in other countries (Ontario 1984, FRG 1984). Most of these assessments remain
unpublished and have not been peer-reviewed. In general, they differ from the
EPA dose-response assessment in one or both of two respects:

. Several assessments that utilized the 1linearized multi-stage model
incorporated different data or made different assumptions about the way in
which the data should be used. Examples include the use of different sets
of tumor data as the basis for extrapolation (Kimbrough et al. 1984,
Portier et al. 1984), the use of tissue concentrations as measures of dose
(Portier et al. 1984), the use of mg/kg body-weight scaling (Miller 1983,
Kimbrough et al. 1984, MDH 1985, MDPH 1986), or the use of different ways
of averaging 1ifetime dose (Kimbrough et al. 1984). The most important of
these differences is the use of mg/kg body-weight scaling, which results
in a human cancer potency factor about 5 times lower than that derived
from body-surface-area scaling. Primarily for this reason, estimates of
cancer potency developed by other U.S. agencies (including the Centers for
Disease Control, the Food and Drug Administration, and the States of
Michigan and Minnesota) have ranged from a value near to the EPA value to
a value about one order of magnitude less potent (Kimbrough et al. 1984,
FDA 1983, MDH 1985, MDPH 1987). Although the selection of an interspecies

scaling factor is a matter for scientific judgment, the grﬁaé%' {ﬁ}gﬁiﬁn

- =
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time of 2,3,7,8-TCDD in humans than in rats provides a rationale for the

selection of the more *conservative" body-surface-area scaling factor used
by EPA.

Several assessments have been based on the assumption that 2,3,7,8-TCDD
acts primarily as a cancer promoter, and on the further assumption that
cancer promotion is a reversible phenomenon with a threshold-type
dose-response relationship. On the basis of these assumptions,
*acceptable* daily intakes for 2,3,7,8-TCDD have been proposed by applying
“Uncertainty Factors® to dose-levels thought to be
“Lowest-Observed-Adverse-Effect-Levels” (Ontario 1984, FRG 1984, Shu et
al. 1987). Although there is evidence that 2,3,7,8-TCDD is a potent
promoter and has little propensity to interact with DNA in the manner of
a classical cancer initiator (Pitot et al. 1986), currently available
evidence on mechanisms of cancer promotion does not support the assumption
that promoting activity would be reversible and have a threshold-type
dose-response relationship (Upton et al. 1985; Weinstein 1984, 1987;
Yamasaki and Weinstein 1985; Gallagher 1986). Goodrow et al. (1986) have
reported that cancer promotion by 2,3,7,8-TCDD 1is associated with its
binding to receptors associated with the Ah gene locus and receptors for
epidermal growth factor. Other studies have suggested that binding to one
or both of these receptors results in activation of certain genes (Israel
and Whitlock 1984; Whitlock et al. 1984; Jones et al. 1985, 1986; Jones
1986). There is no evidence that these molecular mechanisms would
necessarily be reversible and would display threshold-type dose-response
relationships. Even if receptor binding is assumed to be reversible, the
fact that 2,3,7,8-TCDD is more strongly retained in human tissues than in
those of other animals would have to be taken into account (Hoel 1986).
Finally, the promoting effects of 2,3,7,8-TCOD might augment risks
resulting from prior human exposure to initiating carcinogens. At
present, there are no accepted models that can be used to predict low-dose
risks resulting from these effects of 2,3,7,8-TCDD. Thorslund et al.

AR300645
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(1987) have presented preliminary results of a model in which 2,3,7,8-TCDD
is assumed to act by causing proliferation of initiated cells, but it has
not been demonstrated that this approach accurately reflects the
biochemical mode of action of 2,3,7,8-TCDD in cancer causation.

For the above reasons, it remains appropriate to use the dose-response assessment
for 2,3,7,8-TCDD derived by EPA (1985c), based on the linearized multistage model
(LMS) with body-surface-area scaling. Portier et al. (1984) have reported that
available dose-response data fit a linear model if tissue concentration is used
as a measure of dose. EPA recognizes, however, that use of the LMS model is
controversial at the present time; dose-response assessment for carcinogenic
effects of 2,3,7,8-TCDD is currently under review by the Agency, and this review
may lead to revision of the cancer potency factor. Further research and
mathematical modeling will help to resolve some of this uncertainty (EPA 1988d).

Ongoing work on mechanisms of action (Jones et al. 1986, Jones 1986, Goodrow et
al. 1986), pharmacokinetics (Leung et al. 1987, Van den Berg and Poiger 1987),
and mathematical modeiing (Thorslund et al. 1987) will eventually help to resolve
the controversies surrounding cancer risk estimates for 2,3,7,8-TCOD. Pending
this resolution, it should be recognized that these features of the biological
activity of 2,3,7,8-TCDD add substantial uncertainty to risk estimates derived
from the LMS model. Thaese estimates are intended to represent upper bounds on
risk and will be reported as such. Even as upper bound, however, they could be
too high (e.g., if the dose-response relationship is strongly non-linear) or too
low (e.g., if CDDs/CDFs act to promote cancers initiated by other widespread
environmental carcinogens).

Chronic Reproductive Effects - The chronic RfD is based on reproductive effects

resulting from long-term exposure to low levels of dioxin. 2,3,7,8-TCDD has been

shown to be teratogenic in all strains of mice tested. This compound produced

teratogenic and fetotoxic effects in all strains of rats tested and reproductive

effects in other species, such as subhuman primates (EPA 1985c). .
AR300646 @
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For reproductive effects, EPA has focused on a three-generation rat feeding study
(Murray et al. 1979) as the critical study for estimating the non-cancer risk
posed by 2,3,7,8-TCDD. The Centers for Disease Control {(CDC) have cited a
reproductive study in monkeys (Allen et al. 1979) as the critical study
(Kimbrough et al. 1984). EPA (1985c) also cited this study, as well as another
report on the same research (Schantz et al. 1979) in support of their findings.
For teratogenic effects, the critical study is a study in rats treated with
2,3,7,8-TCDD, administered daily by gavage on days 6-15 of gestation (Sparschu
et al. 1971).

There has been some debate as to whether or not a dose of as little as 1 ng/kg/d
{1000 pg/kg/d) of 2,3,7,8-TCOD was a NOAEL in the three-generation reproductive
study in the rat {Murray et al. 1979, Nisbet and Paxton 1982, Kimbrough et al.
1984, EPA 1985c). EPA has examined this study in detail and selected a combined
UF of 1000, (including subfactors of 10 because the lowest administered dose was
not a NOAEL, 10 to account for possible interspecies differences in sensitivity,
and 10 to account for possible intraspecies differences in sensitivity) such that
an RfD of 1 pg/kg/d is derived (EPA 1987b). EPA (1985¢c, 1987b) alsc placed
weight on the study by Schantz et al. (1979), which reported adverse reproductive
effects in rhesus monkeys exposed to 2,3,7,8-TCDD at about 1.5 ng/kg/d, leading
to a similar value for the RfD. As noted above, the CDC selected a different
critical study in deriving their functional equivalent of the RfD, but the CDC
scientists obtained essentially the same value as EPA, i.e., 1-2 pg/kg/day
(Kimbrough et al. 1984). Thus, the RfD of 1 pg/kg/day (1x10”° mg/kg/day) (EPA
1984a, 1990e) for 2,3,7,8-TCDD was used in this assessment to evaluate potential
noncarcinogenic effects associated with chronic exposure.

Health Advisories for 2,3,7,8-TCDD - EPA developed One-day and Ten-day Health
Advisories for protection against liver effects of 100 pg/kg/day and 10 pg/kg/d,

respectively (Lee 1983). These HAs will be used in this assessment to assess
less than chronic exposure. In general, RfDs are based on studies involving
lifetime exposure of animals and are formally defined for cgmﬁggs%n with
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1ifetime average dose rates in humans (EPA 1987b). In the case of 2,3,7,8-TCDD,
the RfD is based on a three-generation reproductive study in which rats were
exposed for two reproductive cycles, and another study in which rhesus monkeys
were exposed for only 7 months which yielded a similar LOAEL. Hence, it is

appropriate to compare this RfD with dose-rates for less-than-1ifetime exposure
in humans.

CDDs and CDFs, excluding 2,3,7,8-TCDD. This section summarizes the findings of
limited testing of other CDDs and CDFs for carcinogenicity and teratogenicity.

A mixture of two 2,3,7,8-substituted-HxCDDs induced liver tumors in a study using
rats and mice (NCI 1980). EPA (1985c) designated this mixture as a “B,*
carcinogen and calculated a cancer slope factor for the mixture of 3.9 x 10°
(mg/kg/day)'. Suggestive evidence was reported for the carcinogenicity of
2,3,7,8-TCDD when it was administered to male mice at high doses (NCI 1979).
2,3,7,8-TCDF was reported to be a potent cancer promoter in a two-stage skin
cancer promotion bioassay using hairless mice, although about 20 times less
potent than 2,3,7,8-TCDD tested in the same study (Poland and Knutson 1982,
Poland et al. 1983). 2,3,4,7,8-PeCDF and 1,2,3,4,7,8-HxCDF were reported to be
potent cancer promoters in a two-stage liver cancer promotion bioassay, although
the penta-substituted furan was more potenf than the hexa-substituted furan
(Nishizumi and Masuda 1986).

Only limited testing for teratogenic effects (and none for other reproductive
effects) has been conducted for other CDDs and CDFs. 2,3,7,8-TCDF induced cleft
palates and hydronephrosis in fetal mice when it was administered on days 10-13
of gestation (Weber et al, 1984, Hassoun et al. 1984, Krowke 1986).
1,2,3,7,8-PelDD and 1,2,3,4,7,8-HxCDD also induced cleft palates in mice when
they were exposed in utero (Krowke 1986). 1,2,3,7,8-PeCDF; 2,3,4,7,8-PeCDF and
1,2,3,4,7,8-HxCOF also induced cleft palates and hydronephrosis ERB‘%%R??Q
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in utero (Birnbaum et al. 1987a,b). A1l of these effects were similar to those

induced by 2,3,7,8-TCDD in the same or in parallel experiments, but 2,3,7,8-TCDD
was the most potent of the compounds tested in these respects.

Other toxicologic studies using bicassay systems, primarily with the 1iver and
thymus, have demonstrated that most CDDs and CDFs produce effects similar to
2,3,7,8-1C0D, but 2,3,7,8-TCDD is the most potent congener tested {McKinney and
McConnell 1982; Mason et al. 1985, 1986a,b; Safe 1986). These studies have shown
structure-activity relationships within both families of compounds, with a
general parallelism between relative potencies in in vivo and in vitro bioassays
(Safe 1986). The results of these studies have suggested a general approach to
risk assessment for these compounds which can be applied to compléx mixtures of
the type commonly found in the environment.

Joxicity Equivalence Factors - EPA adopted a science policy position for
assessing risks of congeners and isomers of CDDs/CDFs using *toxicity equivalence
factors* (TEFs) (EPA 1989g, Thomas 1987). The procedure is based on the
toxicologic finding that the family of furans and dioxins has similar toxicologic
signs but differ in their relative potencies. The procedure underwent internal
and external EPA review, including examination by the EPA's Science Advisory
Board (SAB 1986). It has been adopted by EPA as an interim procedure to be used
. until sufficient additional data are available to derive a more accurate
procedure that can be scientifically validated. The TEF approach uses similarity
in structure and activity as the basis for estimating the toxicity of any CDO/COF
mixture in terms of an equivalent amount of 2,3,7,8-TCDD. The basic method used
to quantitate a mixture containing the dioxins and furans is outlined in EPA
(1988c). The method assigns a TEF of one to 2,3,7,8-TCDD and Tesser TEFs to the
other members of the family, depending on their toxicities relative to
2,3,7,8-TCDD. Structure-activity studies have shown that 2,3,7,8-substituted
congeners are more potent in a number of assays than non-2,3,7,8-substituted
congeners (Poland et al. 1979; Mason et al. 1985, 1986a,b; Safe 1986) and the
forp:er ’are assigned much higher TEFs. AR3 {} a6h g
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The TEF approach is used in this risk assessment to convert reported quantities
of 2,3,7,8-TCDF in monitoring samples to 2,3,7,8-TCDD (Equivalent). The resulting
concentrations of 2,3,7,8-TCDD (Equivalent) are then treated as if they were
concentrations of 2,3,7,8-TCDD itself. The TEF procedure incorporates a number
of assumptions with varying scientific basis and degree of validation; these
assumptions are 1isted below with comments on their basis and 1imitations.

1. A1l CDD/CDF congeners have the same mechanism of action and cause the same
spectrum of toxic effects; there is an extensive empirical basis for this
assumption, at least for mechanisms of action and acute toxic effects
(safe 1985, EPA 1989g).

2. The relative potencies of the CDD/CDF congeners are similar for different
toxic effects, so that measures of relative potency derived from in vitro
or short-term in vivo tests can be used to predict relative potencies for
the critical toxic effects used in risk assessment; there is a fairly
extensive empirical basis for similarity in relative potencies between in
yitro and short-term in vivo measures of activity (Safe 1986); only a few
CDD/CDF congeners have been tested for carcinogenicity and teratogenicity,
but the results of these tests are consistent with the assumption (see
references cited above).

3. The effects of different CDD/CDF congeners are additive; two in_vitro
studies (Sawyer et al. 1983, Safe et al. 1986) and one teratogenicity
study (Krowke 1985) provide very limited support for this assumption,
although two other teratogenicity studies (Weber et al. 1985, Birnbaum et
al. 1987b) suggested synergistic action.

4. Within each congener group, all 2,3,7,8-TCDD-substituted congeners have
similar relative potencies; however, available studies actually suggest
moderate variability, sometimes by an order of magnitude (Poland et al.

1979; Knutson and Poland 1981; Mason et al. 1985, 1986ajbR gegg 9% .
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5. A1l CDD/CDF congeners with 1-3 chlorine atoms substituted at any position
have negligible biological activity; available studies suggest a low level
of activity, at least for 237-substituted congeners (NCI 1979, Knutson and
Poland 1981, Mason et al. 1985). ’

Because of the limited validation available for these assumptions, the TEF
procedure is recognized to yield risk estimates with a substantial degree of
uncertainty; however, it is believed that the estimates of 2,3,7,8-TCDD
(Equivalent) are generally reliable to within at least an order of magnitude (EPA
1989g).

Ongoing Evaluation of Toxicity of Dioxin - The potential of TCDD and related
compounds to cause cancer in humans remains an issue of considerable scientific
controversy. EPA originally evaluated the toxicity of dioxin in 1985 (EPA
1985c). In this Health Assessment document, EPA presented the scientific
evidence for its decision to classify TCDD as a probable human carcinogen and
provided an estimated upper-limit slope factor. This estimate of TCDD potency
is greater than that estimated by any other government agency, foreign or
domestic. Since 1985, EPA has based all of its risk-related dioxin decisions on
this 1985 upper-limit estimate.

In 1988, EPA published a draft report based on a reexamination of TCDD toxicity
entitled “A Cancer Risk-Specific Dose Estimate for 2,3,7,8-TCDD,* which was
reviewed by EPA's Science Advisory Board (SAB). SAB concluded *that at the
" present time the important new scientific evidence about TCDD does not compel a
change in the current assessment of the carcinogenic risk of dioxin to humans,*
and found *no scientific basis at this time for the proposed change in [the upper
1imit potency factor] for the causation of cancer by TCDD.* SAB also made
several recommendations to EPA regarding additional efforts for improving its
TCDD risk estimate which EPA is in the process of implementing.

In addition, threé significant events have recently occurred that relate to
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dioxin toxicity. First, a report will soon be jissued that summarizes the
findings on dioxin toxicity from an international conference (Banbury Conference)
held in October 1990. This conference was established to review the current
state of knowledge on dioxin toxicity and its implications for risk assessment.
Second, the National Institute of Occupational Safety and Health (NIOSH) has
recently published the results of a major retrospective cohort study of
approximately 5000 chemical workers occupationally exposed to TCDD contaminated
chemical production processes (Fingerhut et al. 1990). This, the largest and
most comprehensive epidemiology study to date of a TCDD-exposed population, found
1ittle increase in mortality from cancers previously associated with exposure of
humans to TCDD, with the exception of soft-tissue sarcoma. There was, however,
a small but significant increase in mortality from all cancers combined,
consistent with a carcinogenic effect of TCDD. These conclusions were limited
by the small number of cases, variability in pathological diagnoses,
misclassified death certificates, and occupational exposures to substances other
than TCDD. 1In addition, a 34-year mortality follow-up study of German workers
exposed accidentally to 2,3,7,8-TCDD in 1953 has reported similar results (Zober
et al. 1990). This was the only other cohort study which had both substantial
exposure to TCDD and a iong period of latency during which mortality was
examined. EPA intends to incorporate the information gathered from these sources
into its ongoing dioxin toxicity reevaluation as well as other information as it
becomes available.

In developing and implementing EPA's dioxin risk management program, the Agency
continues to use the 1985 report as its basis for dioxin risk estimates. Because
of the need to evaluate all of the new evidence on TCDD, EPA concludes that it
is inappropriate to initiate a major expansion or reevaluation of its current
dioxin risk management efforts at this time. EPA will carefully consider any
information developed during its risk assessment or risk management activities
that indicates that its program direction should be changed.
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Summary O0f Toxicity Criteria

Carcinogenic Toxicity:
Oral Slope Factor: 1.5 x 10° mg/kg/day™
Weight of Evidence: B2

Noncarcinogenic Toxicity:
Oral Reference Dose: 1.0 x 10 (EPA 1984)
Oral Uncertainty Factor: 1000
Critical Effect: Reproduction
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TOXICITY PROFILE FOR PENTACHLOROPHENOL (PCP)
General Description

Chemical Properties:
Molecular Weight: 266.35
Solubility: in water at 20°C = 14 mg/1 (Verschueren, 1983)

Half-Lives in: Air: Unknown (EPA, 1984a)
Water: 14 days (Boyle et al., 1980)
Soil: 48 days (Rao and bDavidson, 1982)

Fate: Mobility in soil is uncertain but is reported to be dependent on
soil pH and organic matter content. PCP is likely to be sorbed strongly
to organic-rich acidic soils, and leached from neutral soils having low
organic matter content (EPA 1985d).

Absorption: PCP is rapidly absorbed from the GI tract. Reported average
half-1ife for absorption of PCP in human volunteers is 1.3 = 0.4 hrs after
administration of 0.1 mg/kg bw (Braun et al., 1978). Casarett et al.
(1969) demonstrated that PCP is also rapidly absorbed by inhalation. Two
male workers were exposed to PCP for 45 minutes in an enclosed area of a
wood processing plant. Mean urinary concentrations of 230 ng/1 and 432
ng/1 PCP were recorded and the absorption of PCP was estimated to be 88
and 76%, respectively, of the inhaled dose.

Carcinogenic Effects

The NTP (National Toxicology Program) performed two-year dietary studies on
carcinogenicity of PCP in mice using technical grade and Dowicide EC-7 (NTP,
1989). Resuits showed tumor development in the liver, adrenal, nRk Bﬁéﬁﬁﬁ»h .
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systems. EPA has recently released a slope factor for PCP of 0.12 mg/kg/day”’
(EPA 1990e, 1991e}. No human studies demonstrating carcinogenic activity for PCP
were found in the available literature. PCP has been classified as a probable
human carcinogen "B2* (EPA 1990e, 1991e).

Noncarcinogenic Effects

No human studies were found in the available Titerature. Studies dosing rats and
hamsters with PCP showed dose-related fetal toxicity (Larsen et al., 1975;
Schwetz and Gehring, 1973; Schwetz et al., 1974a,b; Schwetz et al., 1978; Hinkle,
1973). Only one chronic study (Schwetz et al. 1978) was found in the available
literature (EPA 1991e). Twenty-five rats were administered one of three doses
{3 mg/kg/day, 10 mg/kg/day, or 30 mg/kg/day) with the following results:

3 mg/kg/day: No apparent adverse effects noted;

10 mg/kg/day: Pigmentation of the liver and kidneys in females; and

30 mg/kg/day: Reduced body weight gain and increased specific gravity
of the urine in females; and
pigmentation of the liver and
kidneys in both females and
males.

Based on this study a NOAEL of 3 mg/kg/day was established. A RfD of 0.03
mg/kg/day was derived using the NOAEL and an uncertainty factor of 100 (EPA
1991e). The critical effect noted from the study was pigmentation of the liver
and kidneys (EPA 1991e).

A number of studies investigating the teratogenicity of orally administered PCP
in rodents are available in the literature, Although these studies (Larsen et
al. 1975; Schwetz and Gehring 1973, Schwetz et al. 1978, Hinkle, 1973) did not
reveal teratogenic effects, feto-maternal toxicity was seen at 30 mg/kg/day

(Schwetz and Gehring, 1973). Since PCP apparently does not cross the placental
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barrier, the observed fetotoxicity may be a reflection of maternal toxicity

(Larsen et al. 1975, EPA 1991e).

Summary Of Toxicity Criteria

Carcinogenic Toxicity:

Oral Stope Factor: 0.12 mg/kg/day (EPA 1991e)
Weight of Evidence: B2

Noncarcinogenic Toxicity:
Oral Reference Dose: 0.3 mg/kg/day (EPA 199le)
Oral Uncertainty Factor: 100 (EPA 1991e)
Target Organ: liver and kidneys
Critical Effect: pigmentation of the liver and kidneys
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TOXICITY PROFILE FOR PAHs

General Description

Chemical Properties: Polycyclic Aromatic Hydrocarbons (PAHs) are a class
of compounds which are formed during the incomplete combustion or
pyrolysis of organic materials containing carbon and hydrogen. PAHs
generally have low water solubility, very low vapor pressures, and high
organic carbon partitioning coefficients.

Degradation: The removal of PAHs from the atmosphere can occur through
photochemical reactions, chemical reactions (principally with OH radicals,
ozone and NO2) and physical removal mechanisms (wet and dry deposition)
(Atkinson 1984, HAS 1983, Mabey et al. 1981).

Fate: The primary removal mechanism for benzo(a)anthracene and
benzo(a)pyrene from the atmosphere is likely to be ozonolysis reactions.
The three likely mechanisms that may be responsible for the removal of
PAHs from aquatic media are volatilization, photochemical reactions and
microbial degradation. With the exception of naphthalene and other PAHS
that have relatively high vapor pressures, volatilization is not likely to
be a significant removal mechanism. In the case of naphthalene, both
volatilization and adsorption may be quite competitive, with the dominant
process being dictated by the aquatic conditions. High stream and wind
velocities could enhance volatilization, while high organic carbon content
could facilitate sedimentation and the subsequent microbial degradation of
particie-sorbed naphthalene (EPA 1984b).

The predominant mechanism that is likely to dictate the fate of most PAHs
in aquatic media is sorption onto particulate matter and subsequent
sedimentation and microbial degradation (EPA 1984b).

AR300857
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The predominant mechanism for the removal of PAHs from soils is likely to
be microbial degradation. Considering the soil sorption coefficient
(Kenaga and Goring 1980) and water solubilities, these compounds are not
expected to have high mobility in soils. Therefore, significant leaching
of these compounds into groundwater is not expected, particularly from
soils with higher organic carbon content (EPA 1984b).

0f the PAHs detected at the Havertown PCP site, carcinogenic PAHs (i.e.,
benzo(a)pyrene [Equivaient]) and naphthalene contributed significantly to
carcinogenic and noncarcinogenic risk, respectively. Studies of the
carcinogenicity of PAHs and the noncarcinogenic risk associated with naphthalene
will be discussed below.

carcinogenic Effects

International Agency for Research on Cancer (IARC) has judged the following
specific PAHs to be probable human carcinogens, because there is sufficient
animal evidence and/or limited human evidence. The EPA (1984b) has placed the
following chemicals in Group Bl (Probable Human Carcinogens: Limited evidence of
carcinogenicity in humans from epidemiological studies) or Group B2 (Probable
Human Carcinogens: Sufficient evidence of carcinogenicity in animals, inadequate
evidence of carcinogenicity in humans), depending on the quality of the evidence:

1. benzo{a)anthracene

2.  benzo(b)fluoranthene
3. benzo(j)fluoranthene
4. benzo(k)fluoranthene
5. benzo(a)pyrene

6. dibenz(a,h)acridine

7. dibenz(a,j)acridine

8. dibenzo(a,h)anthracene

9. dibenzo(c,g)carbazo AR300¢6 58
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10. dibenzo(a,e)pyrene
11. dibenzo(a,h)pyrene
12. dibenzo(a,i)pyrene
13. dibenzo(a,1)pyrene
14. 1indeno(1,2,3-c,d)pyrene

Also, the following compounds have limited animal evidence for carcinogenicity;
however, the evidence according to IARC is inadequate for making a definitive
statement about the human carcinogenic potential. The following compounds have
been placed in Group C, Possible Human Carcinogens:

1. anthracene
~ 2. benzo(c)acridine

3. carbazole

4. chrysene

5. cyclopenta(c,d)pyrene

6. dibenzo{a,c)anthracene

7. dibenzo(a,j)anthracene

8. dibenzo{a,e)flucranthene

9. 2- and 3-methylfluoranthenes .
.Carcinogenic risk factors for PAHs are summed using the toxicity equivalence
factors as substituted for benzo(a)pyrene as discussed in Section 6.1.2.

In animals, the carcinogenic properties of certain PAH compounds have been
studied in animals for more than 50 years. The predominance of testing has been
done with oral, inhalation exposures, mouse skin assays, implantations and
subcutaneous injections. Benzo{a)pyrene administered orally in the diet to mice
resuited in increased incidence of papillomas and carcinomas {stomach tumors:
Neal and Rigdon (1967), as well as, lung adenoma and leukemia (Rigdon and Neal
1966, 1969). 1Incidence of lung adenomas and liver hepatomas was elevated in
animals given benzo(a)pyrene by gavage (Klein 1963). An oral slope factor of

AR300659
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11.5 per mg/kg/day was derived by EPA (1991f).
Noncarcinogenic Effects

0f 7 pregnant benzo(a)pyrene-treated rats, only 1 dam carried viable fetuses to
term, delivering 4 pups on the 23rd day of pregnancy. Two of the 4 pups were
stillborn, one of which was grossly malformed; another pup died of starvation 3
days after birth, since the dam did not show any signs of lactation. At autopsy.
4 dead fetuses were found in the right uterine horn of a second dam (Rigdon and
Rennels 1964). In another teratogenicity and reproduction study in mice, Rigdon
and Neal (1965) administered diets containing benzo(a)pyrene and found no
apparent reproductive teratogenic or fetotoxic effects in lab animals. Mackenzie
and Angevine (1981) observed a specific reduction of gonadal weight, reduced
fertility and reproductive capacity among offspring and almost complete sterility
of offspring in the high dose group only of mice fed benzo(a)pyrene orally during

pregnancy. Sufficient information to derive a RfD for benzo(a)pyrene were not
available.

HEAST (EPA 1990e) reported a chronic RfD for naphthalene of 0.004 mg/kg/day based
on a chronic rat study. Rats were administered 50 mg/kg/day of naphthalene by
gavage for 5 days per week for 13 weeks. The critical effect observed in the
study was a decrease in body weight. An uncertainty factor of 10,000 was applied
to the dose level to derive the RfD.

of 1

Carcinogenic Toxicity:
Oral Slope Factor: 11.5 mg/kg/day™ for benzo(a)pyrene (Equivalent) (EPA
1990e, 1991f)
Weight of Evidence: B2
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Noncarcinogenic Toxicity:
Oral Reference Dose: 4 x 10”° mg/kg/day for naphthalene (EPA 1990e)
Oral Uncertainty Factor: 10,000
Target Organ:
Critical effect: weight loss

AR300661
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6.1.5 Human Health Risk Assessment

The final step in the baseline risk assessment process is risk characterization.
In this section, toxicity criteria identified in Section 6.1.4 are combined with
exposure estimates presented in Section 6.1.3 to quantify potential
noncarcinogenic and carcinogenic effects associated with chemicals of potential
concern from the Havertown PCP site. Section 6.1.5.1 presents an overview of the
methods for quantifying potential carcinogenic and noncarcinogenic risks.
Potential risks associated with exposure pathways evaluated under current and
future land-use of the Havertown PCP site are discussed in Section 6.1.5.2 and
Section 6.1.5.3, respectively.

6.1.5.1 Methods for Estimating Carcinogenic and Noncarcinogenic Risks

Potential carcinogenic risks are expressed as an increased probability of
developing cancer over a lifetime (i.e., excess individual lifetime cancer risk)
(EPA 1989a). For example, a 10° increased cancer risk can be interpreted as an
increased risk of 1 in 1,000,000 for developing cancer over a lifetime if an
individual is exposed as defined by the pathways presented in this report. A 10°
¢ increased cancer risk is the point of departure established in the NCP (EPA
1990a). In addition, the NCP (EPA 1990a) states that "for known or suspected
carcinogens, acceptable exposure levels are generally concentration ievels that
represent an excess upper bound lifetime cancer risk to an individual of between
10" and 10°*.*

Carcinogenic risks for chemicals of potential concern are gquantified using the
equation below:
Cancer Risk; = CDI; » SF,

where:
Cancer Risk, = The potential carcinogenic risks associated with
exposure to chemical, (unitless);
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CDI, = Chronic daily intake for chemical, (mg/kg/day); and
SF, = Slope Factor for chemical, (mg/kg/day).

If the carcinogenic risk exceeds 107, then EPA {1989a) guidance recommends using
the following equation to estimate carcinogenic risk:

Cancer Risk; =1 - g (~COTs = SFy)

where:
Cancer Risk, = Increased carcinogenic risk associated with exposure to
chemical, (unitless); -
Chronic daily intake for chemical, (mg/kg/day); and
Slope Factor for chemical, (mg/ka/day)".

coI,

Chemical-specific cancer risks are summed in accordance with EPA (1989a, 1986a,b)
guidance in order to quantify the combined cancer risk associated with exposure
to a chemical mixture. The slope factor is the 95th UCL on the l1inear slope that
describes the cancer potency of the chemical of potential concern. Using the
95th UCL on the linear slope is a conservative approach adopted by the EPA in
order that the true risks will not be underestimated.

Noncarcinogenic effects are not quantified as a probability of exhibiting a
particular effect. Rather, noncarcinogenic effects are evaluated by comparing
the estimated dose (i.e., CDI) with a reference dose (RfD). The hazard quotient
is used to quantify the potential for an adverse noncarcinogenic effect to occur
and is calculated using the following egquation:

CDI,

Hoy = 7#p,

where:

AR300663

o

6-114




TCN 4212
RI REPORT

REV #1
24/JUN/91

HQ, = Hazard quotient for chemical, (unitless);
CDI, = Chronic Daily Intake for chemical, (mg/kg/day); and
RfD, = Reference Dose for chemical, (mg/kg/day).

1f the hazard guotient exceeds unity (i.e., 1), then an adverse health effect may
occur. The higher the hazard quotient the more 1likely that an adverse
noncarcinogenic effect will occur as a result of exposure to the chemical of
potential concern. If the estimated hazard quotient is less than unity, then an
adverse noncarcinogenic effect is unlikely to occur.

EPA (19892, 1986b) recommends summing chemical-specific hazard quotients to
evaluate the combined noncarcinogenic risk from exposure to a chemical mixture.
The sum of the chemicé]-specific hazard quotients is called the hazard index.
Using this approach assumes that chemical-specific noncarcinogenic risks are
additive. Limited data are available for actually quantifying the potential
synergistic and/or antagonistic relationships between chemicals in a chemical
mixture. In addition, it is assumed that the target organs and toxicological
mechanisms that may result in the effect are the same for all chemicals evaluated
in the chemical mixture. If the latter assumption is not valid and the hazard
index exceeds unity, then hazard indices should be calculated by target organ and
mechanism, as recommended by EPA (1989a) guidance.

The following sections present carcinogenic risks and hazard quotients for
chemicals of potential concern for the RME case for pathways under current i1and-
use and future land-use conditions.

6.1.5.2 Potential Risks Under Current Land-Use Conditions

Direct Contact with Surface Water by Children Playing in Naylors Run - Potential
carcinogenic risks to children playing in Naylors Run due to dermal absorption

of chemicals of potential concern in surface water are presented in Table 6-32.
Five probable human carcinogens (Group B2} were detected in surface,wate es
‘ ERSEOETL
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Table 6-32

Potential Carcinogenic Risk Associated with
Direct Contact with Surface Water from Naylors
Run by Children for the RME Case

RME Chronic Weight-
Datly Intake Slope Factor of - Potential
Chemical (mg/kg/day) {mg/kg/day)” Evidence Cancer Risk
Organics:
Dieldrin 1.3€-8 1.B6E+l B2 2.1E-8
Heptachlor Epoxide 3.4e-8 9.1E+0 B2 . 3.1E-8
Benzo(a)pyrene (Equivalent) 1.3€-8 1.28+] B2 1.6E-8
Pentachlorophenal §.28-6 1.2€-1 -1 6.2E-7
2.3,7,8-TCDD (Equivalent) 1.2E-12 1.5E+8 B2 1.8BE-7
Total Carcinogenic Risk i ?;TEE:;—_b
AR30DD66D
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from Naylors Run 1including dieldrin, heptachior epoxide, benzo{a)pyrene
(Equivaient), PCP, and 2,3,7,8-TCDD (Equivalent). The total carcinogenic risk
associated with dermal absorption of these chemicals was 9x107. The potential
carcinogenic risk associated with direct contact with surface water was below the
point of departure established in the NCP (EPA 1990a). The majority of the
carcinogenic risk was associated with dermal absorption of PCP and 2,3,7,8-TCDD
(Equivalent). The maximum detected concentrations for these chemicals were found
in the catch basin which is currently fenced (in this report data from the catch
basin were included when estimating exposure). Therefore, potential exposure to
these chemicals of concern may be overestimated given that the fence prevents
access to areas with higher surface water contamination. Overall, surface water
in Naylors Run does not appear to present an appreciable carcinogenic risk to
children who may play in this stream given the low risks estimated for this
pathway and the conservative assumptions used to assess exposure (e.g., high

frequency of exposure, playing exclusively in the most contaminated area at the
site, etc.).

Potential noncarcinogenic risks to children playing in Naylors Run due to dermal
absorption of chemicals of potential concern in surface water are presented in
Table 6-33. A1l of the .-=mical-specific hazard quotients were nearly 3 orders
of magnitude below unity (1). In addition, the hazard index was nearly 2 orders
of magnitude below unity. Therefore, it is highly unlikely that noncarcinogenic
effects would occur in children from dermal absorption of chemicals of concern
in surface water during playing activities.

Direct Contact with Sediments by Children Playing in Navlors Run - Potential
carcinogenic risks to children piaying in Naylors Run due to dermal absorption
and incidental ingesti. " ~hemicals of potential concern in sediments are
presented in Table 6-34. srganic probabie human carcinogens of concern
(Group B2) were detected in sv..zent samplies from Naylors Run including
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Table 6-33

Patential Noncarcinogenic Risks Associated with Qirect Contact with -
Surface Water by Children Playing in Naylors Run for the RME Case

RME Chronic RfD
Daily Intake RfD Uncertainty Hazard
Chemical (a) {m/d/kg/day) (mg/kg/day) Factor Quotient
COrganics:
Dieldrin 9.0E-8 5.0E-5 100 1.8E-4
Heptachlior £poxide 2.4E-8 1.3E-5 1000 1.8E-3
Fentachlorophenai 1.8E-5 3.0E-2 100 1.2€-3
2.3.7,8-TLDD 8.78-12 1.0E-9 1000 8,7E-2
Inorganics:
Manganese 3.0E-4 1.0E+1 3 3.0E-3
Thailium 9.9E-8 7.0E-3 3000 1.4€-3
Total Hazard Index 2.0E-2

(a) Noncarcinogenic toxicity criteria were not available for cobalt and iead, therefore hazard guotients were
not estimated for these elements.
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Table 6-34 5

Potential Carcinogenic Risk Associated with Direct Contact with
Sediments for Chiidren Playing 1n Naylors Run
for the RME Case

Potential Potential

RME CDI for RME DI for Siope Weight- Canger Cancer RISF
Incidental Ingestion Dermal Absorption Factor , of - Risk fer for Dermai
Chemical (2) (mg/kg/day) {mg/xgsday)  |mg/kg/day)’! Evidence Ingestion  Absorpticn
Organics:
Benzo(a)pyrene 3.9t-86 3.8E-8 1.2E+1 B2 4.7E-9 4.7€-5
{Equivalent)
Chiordana (total) 3.2e-8 3,2e-8 1.38+D az 4.2E-8 4.2E-8
Pentacnlorophens] 4.28-7 4 2E-7 1.2E-1 82 5.0E-8 £.0£-8
2.3.7.8-TCO0 (Equivaient) 1.7E-l1 1.7E-11 1.56+5 gz 2.6E-6 2.6E-5
Inorganics {a):
Arzenic B.3E-6 - - - 1.78+0 A AE-5 — -
Total Carcinogenic Risk by Route: 6.4E-5 5.0E-5

Total Carcinogenic Risk for Sediment: 1E-4

(a) Inorganics are not considered to be dermally absorbed and are not used in estimating risk for this
pathway.

rr3oosss @
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benzo(a)pyrene (Equivalent), chlordane, PCP, and 2,3,7,8-TCDD (Equivalent). In
addition, arsenic which is a known human carcinogen was detected in sediment
samples from Naylors Run. As presented in Table 6-34, the exposure and risk
associated with dermal absorption and incidental ingestion of the organic
chemicals of concern were the same. The total carcinogenic risk associated with
dermal absorption of the chemicals of concern in sediment was 6x10°. The
majority of the carcinogenic risk was associated with benzo{a)pyrene {Equivalent)
and arsenic. The total carcinogenic risk associated with incidental ingestion
of the chemicals of concern in sediment was 5x10°. The majority of the
carcinogenic risk was associated with benzo(a)pyrene (Equivalent) (the dermal
absorption of arsenic was assumed to be negligible}). The highest detected
concentrations of benzo(a)pyrene (Equivalent) and arsenic were found upstream of
the catch basin in samples collected in Naylors Run along Eagle Road. Therefore,
these locations are more accessible than the catch basin locations. The total
potential carcinogenic risk associated with contact with sediment was 1x10™*
which is above the NCP point of departure (i.e., 10°) and on the upper-bound of
the NCP acceptable risk range (i.e., 10™*) (EPA 1990a). Therefore, children who
engage in the activities outlined for this pathway, as discussed in Section
6.1.3, in locations upstream of the catch basin may experience an increased
cancer risk level of 1x10™. It should be noted, however, that conservative
methods were used to estimate exposure to children playing in Naylors Run {e.g.,
high frequency of exposure, playing exclusively in the most contaminated area at
the site, etc.).

Potential noncarcinogenic risks to children playing in Naylors Run due to dermal
absorption and incidental ingestion of chemicals of potential concern in sediment
are presented in Table 6-35. All of the chemical-specific hazard quotients were
below unity (1). 2,3,7,8-TCDD (Equivalents) and chromium were the only chemicals
to have a hazard quotient above 0.1. The highest detected concentrations of
2,3,7,8-TCDD (Equivalent) were found at the catch basin and directly outside of
the catch basin. The highest detected concentrations of chromium were found
upstream of the catch basin. To be conservative, it was assumed that chromium

AR300663
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was in the hexavalent state. The hazard indices for dermal absorption and
incidental ingestion were 0.1 and 0.7, respectively. The total hazard index for
exposure to sediment was 0.8. Therefore, noncarcinogenic effects may not occur
in children from dermal absorption and incidental ingestion of chemicals of
concern in sediment during playing activities.

As discussed in Section 6.1.3, the potential noncarcinogenic risk associated with
exposure to lead in sediments was evaluated using a pharmacokinetic approach.
The exposure point concentration for lead in sediments was used in the soil
ingestion module to estimate increased blood-lead levels due to exposure to
sediments. Lead was not a chemical of concern in any other media; therefore,
default parameter values were used to estimate exposure to lead from other media
(i.e., drinking water, air, etc.). Figure 6-1 presents a probability density

function versus blood lead concentrations for children between the ages of 0 and

7 years. The cut-off value of 10 pg/dl (vertical line) is the interim criterion

for evaluating the potential risk to children from elevated blood lead levels

(EPA 1991c). Children with blood lead levels in excess of 10 ug/dl may
experience adverse effects associated with neurological development (see Section
6.1.4.2 for further discussion). As shown in Figure 6-1, there is a 9 percent
chance that a child engaged in the activity outlined for this pathway would have
a blood-1ead level above 10 ug/dl. The highest detected concentrations of lead
in sediments were found upstream of the catch basin. The maximum detected
concentration of lead was 694 mg/kg. This level slightly exceeds the interim
soil lead cleanup level at Superfund sites of 500 mg/kg which is considered
protective for direct contact in residential settings (EPA 1989h).

Ingestion of Fish from Cobbs Creek - Potential carcinogenic risks to recreational
fisherman that ingest fish caught from Cobbs Creek are presented in Table 6-36.
Four probable human carcinogens of concern (Group B2) were detected in white
sucker tissue sampled from Cobbs Creek including chlordane, dieldrin, heptachlor
epoxide, and 2,3,7,8-TCDD (Equivalent). Fish tissue samples which were obtained
i o ion Study (NBS} wer ed for P r S.
from the National Bioaccumulation y (NBS) e not analyz d)h jé& é’?{i
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Table 6-36

Potential Carcinogenic Risks Associated with Ingestion
of Fish from Cobbs Creex Downstream
of the Havertown PCP Site (a)

AME Chronic Weight Potential
. Daily Intake Slope Factor of- Cancer
Chemical (a) {mg/kg/day) (mg/kg/day)! Evidence Risk
Chlordane (total) 6.1E-5 ~ 1.3E+0 B2 7.9E-5
Dieldrin 1.2E-4 1.8E+] B2 1.9£-3
Heptachlor Epoxide 9.5E-6 8.1£+0 B2 8.8E-5
2.3.7.8-TCOD 1.8E-8 1.5E+5 82 2.7E-4
{Equivalent) J—
Total Carcinogenic Risk 2E-3
{a) Exposure and risk mssociated with ingestion of white suckers which are bottom feeders. fxposure

asscciated with ingestion of sport fish such as bass may be much lower given their foraging behavior.
The risks are only for chemicals that may be attributed to releases from the site. Risks from exposure
to other chemicals in fish tissue (e.g., PCBs) which were not detected in surface water or sediments
were not included in this assessment.
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Other probable carcinogens were detected in fish tissue including PCBs; however,
they were not included in the assessment of risk since these were not detected
in surface water or sediments in Naylors Run. The total carcinogenic risk
associated with ingestion of fish tissue for the RME case was 2x10°. The
majority of the carcinogenic risk was associated with dieldrin. Dieldrin was
detected in Naylors Run surface water, but not in any other media. It is
uncertain whether dieldrin or other chemicals of concern present in fish tissue
is associated with chemical releases from the Havertown PCP site or other sources
{e.g., surface water run-off, landfill). The total potential carcinogenic risk
associated with ingestion of fish tissue is above the NCP point of departure
{i.e., 10°) and the upper-bound of the acceptable risk range as presented in the
NCP (i.e., 107) (EPA 1990a). It should be noted, however, that it is unlikely
that recreational fisherman would ingest Targe quantities of a bottom feeding
fish such as the white sucker. Exposure and risk associated with ingestion of
game fish such as bass may be much lower since game fish may have much lower
levels of chemicals of concern given their foraging behavior (i.e., less contact
with contaminated sediments). This generalization was made based on a comparison
between chemical concentrations in bottom feeding fish relative to game fish
presented in the NBS. It cannot be ruled out, however, in certain well developed
ecological communities game fish may have higher levels due to food chain
accumulation. Fish tissue samples from game fish, however, were not available
for inclusion in this risk assessment. It should be noted, however, that whole
body ana]ysi; was used to monitor white suckers tissue. This may underestimate
exposure since chemicals tend to partition more in fat tissue portions of the
filet.

Potential noncarcinogenic risks to recreational fisherman that ingest fish caught
from Cobbs Creek are presented in Table 6-37. All of the chemical-specific
hazard quotients exceeded unity (1). The hazard index for ingestion of fish was
14. Therefore, ingestion of large quantities of white sucker from Cobbs Creek
may resulit in a noncarcinogenic effect. Given the conservative assumptions

- m- s - e
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Table €-37

Potential Noncarcinogenic Risks Associated with
Ingestion of Fish from (obbs Creek Uownstream
of the Havertown PCP Site (a)

RME Chronic Reference Weight

Daily Intake Dose of~ Hazard
Chemical (a) (mg/kg/day) {mg/kg/day) Evidence Quot ient
Chlordane (total) 1.4£-4 . 6.0E-S 1000 2.3
Dieldrin 2.7E-4 5.0E-5 100 5.4
Heptachlor Epoxide 2.2E-5 1.3E-5 1000 1.7
2,3,7,8-TCDD 4.2E-9 1.0E-8 1000 4.2

(Eguivalent)
Total Noncarcinogenic Risk 13.6

{a) Exposure and risk associated with ingestion of white suckers which are bottom feeders. Exposure

associated with ingestion of sport fish such as bass may be much lower given their foraging behavior.
The risks are only for chemicals that may be attributed to releases from the site. Risks from exposure
to other chemicals in fish tissue (e.g., PCBs) which were not detected in surface water or sediments
were not included in this assessment.

AR300675
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exposed at such levels.

ndir Exposure to Nursing Infants from Maternal Exposure to Fish - Nursing
infants may be indirectly exposed to dioxin and furans in fish tissue via
lactational transfer assuming that the mother is directly exposed to dioxin and
furans in fish tissue as outlined in the pathway above. Potential exposure to
nursing infants was estimated using a pharmacokinetic model that relates exposure
of the mother from ingestion of fish to the exposure of the nursing infant via
lactational transfer. The potential increased carcinogenic risk to nursing
infants via indirect exposure is presented in Table 6-38. The increased
carcinogenic risk associated with 2,3,7,8-TCDD (Equivalent) exposure for nursing
infants (i.e., no additional exposure later in life) was estimated to be 1x10™.
The increased risk is above the NCP point of departure (i.e., 10°) and is equal
to the upper-bound of the acceptable risk range as presented in the NCP (i.e.,
10*) (EPA 1990a). It should be noted, however, that exposure to nursing infants
is based on the exposure to the mother which was derived using several
conservative assumptions (e.g., ingesting 42 grams of bottom feeding fish per
day).

Potential noncarcinogenic risk to nursing infants via indirect exposure of
2,3,7,8-TCDD (Equivalent) is presented in Table 6-39. The hazard quotient for
chronic exposure (i.e., 2 year lactational exposure) exceeded unity by an order
of magnitude. In addition, exposure to nursing infants exceeded the 10 day
health advisory for potential liver impacts. Although, exposure to nursing
infants exceeded a 10-day health advisory, it is still assumed that the exposure
duration for the mother from ingestion of fish is chronic (which would result in
significant bioaccumulation of dioxin in the mother prior to lactation).

1timedia A ment of Risk Under Current land-Use Conditions - Potential
carcinogenic risk and noncarcinogenic risk from exposure to all current land-use
exposure pathways quantitatively evaluated in the risk assessment are presented
in Table 6-40. The total carcinogenic risk was 2x107?, while tlﬁma‘}ﬂ'g} g.ltrcgent
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Table 6-38

Potential Increased Carcinogenic Risk

from Nursing Exposure to 2.3.7,8-TCDD {£quivalent)

: Potentiai

Maternal Nursing Infant Weight- Increased
txposure RME CDI Slope Factor of- Cancer
Pathway (a} (mg/kg/day) " (mg/kg/day)” Evidence Risk (b)
Current Land-Use:

Ingestion of Fish 8.4E-1C 1.5E+5 82 1.3£-4
Future land-Use:

Ingestion of Groundwater 1.0E-B i 1.5E+5 82 1.4E-1
{a} Pathway by which mother is exposed,
{b} Potential cancer risk to infant associated with nursing exposure only. Subsequent exposure to dioxin later in

life is assumed tg be zerg.
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Table 6-39

Potential Nencarcinogen:c Risks Associated with
Nursing Infant Exposure tec 2,3,7,8-TCDD (Eguivaient)

Maternal Nursing Infant RFD
Exposure RME CDI RfD Uncertainty Hazard
Pathway [a) (mg/kg/day) {img/kg/day) Factor Quotient

rren nd-

Ingestion of Fish 3.3t-8 1.0E-9 (chronic) 1000 33
1.0E-8 (10 day HA)(b) 100 3.3
1.0E-7 (1 day HA}{b) , 10 0.3
Fytyre Lang-Use:
Ingestion of Groundwater 3.9E-5 1.0E-8 (chronic} . 1000 38,000
1.0E-8 (10 day HA)(b) 100 3,800
1.0E-7 (1 day HA)(b) 10 380
{a) Pathway by which mother is expesed.
{v} 10 day HA - 10 day Heatlh Advisory for adverse liver effacts (see toxicity profile)

1 gay HA - 1 day Health Advisory for adverse liver effects (see toxicity profile)

ar300678 @
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Tablie 5-40

Potential Risks from Multiple Exposure Pathways
under Current Land-Use Conditions

Potentiatl
Carcinogenic Risk Hazard Index
Pathway for the RME Case ) for RME Case
Chilidren Playing in Naylers Run:
Ingestion of Sediments 6E-5 BE-1
Dermal absorption from sediments S5E-5 ' 1E-1
Dermal absarption from surface water JJE-7 2E-2
Subtotal for Pathway: 1E-4 9.7
Fishing in Cobbs Creek 2E-3 - 14
Nursing Infant Exposure (a) _1E-4 . 33
Total for all Routes (b): 2E-3 SE+1
{a) Assumes that the mother ingests fish caught from Cobbs reek according to the RME scemarioc ocutlined in this
(b) ;ip2;;h1d be noted that these risk estimates are conservative upper-bound estimates that assume that an

individual is exposed according to the AME scenario outlined in this report for all exposure pathways evaluated;
and thus represents the maximum possible risk under current land-use conditions.

AR300679
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exceeded unity by a factor of 50. These risk estimates assume that an individual
is exposed via all pathways according to the RME case. The highest carcinogenic
risk {1x10) was associated with ingestion of fish from Cobbs Creek., Ingestion
of fish and nursing infant exposure pathways had hazard indices that exceeded
unity by over an order of magnitude. As presented in Table 6-40, direct contact
with surface water in Naylors Run did not significantly increase the risk
associated with children piaying in this stream.

6.1.5.3 Potential Risks Under Future Land-Use Conditions

Ingestion of Groundwater by Hypothetical Residents - If groundwater at the site
were used as a source of water in the future, then residents may be exposed to
chemicals of potential concern via ingestion. It is highly unlikely, however,
that residents would actually use groundwater in the vicinity of the Havertown
PCP site given the availability of municipal water provided by the City of
Havertown. This pathway was evaluated primarily to justify further restrictions
on groundwater use and provide the basis for making risk management decisions
concerning remediation of groundwater at the Havertown PCP site.

Potentijal carcinogenic risks to hypothetical residents that ingest groundwater
from the more contaminated portions of the Havertown PCP site are presented in
Table 6-41. Five probable human carcinogens (Group B2) and three known human
carcinogens of concern (Group A) were detected groundwater at the site. The
primary chemicals of concern in groundwater included benzo(a)pyrene (Equivaient),
PCP, and 2,3,7,8-TCDD (Equivalent). The potential increased cancer risk from
exposure to these chemicals exceeded 0.1 (the second equation presented in
Section 6.1.5.1 was used to estimate carcinogenic risk from these chemicals since
the risk level exceeded .01). The total carcinogenic risk for all chemicals was
nearly 0.5. The total potential carcinogenic risk associated with ingestion of
groundwater was half a million times higher than the NCP point of departure
(i.e., 10°) and 5,000 times higher than the upper-bound of the acceptable risk
e |
range as presented in the NCP (i.e., 107") (EPA 1990a). The h&f?fffiﬁéﬁgiifg
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Table 5-41

v
LTS

Potential Carcinogenic Risks Associated with Ingestion of

Groundwater from the Havertown PCP Site by Hypothetical
Residents for the RME Case

RME Chronic Weignt-
Daily Intake Slope Factor o of- Potential
Chemical (mg/kg/day) {mg/kg/day)”" fvidence Cancer Risk
Organics:
Benzene 2.86-3 2.96-2 A 8.1£-5
bis(2-Ethylhexyl)phthalate 2.2E-3 1.4€-2 82 3.1E-5
Benzo{a)pyrene {(Equivalent) B.9E-3 1.2E+1 82 1.0E-1
Pentachloropheno] 9.6E-1 1.2E-1 B2 1.1E-1
Trichloroethene S.6E-3 1.1E-2 82 §.2€-5
Vinyl Chloride 1.1E-4 1.9E+0 A 2.1E-4
2.3.7,8-TCDD {Equivaient) 2.1E-8 1.5E+5 B2 2.7E-1
Inorganics:
Arsenic 2.7€-4 1.7E+0 A 4.6E-4
Total Carcinogenic Risk: 4.9€~1
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concentrations for these chemicals were found at well locations HAV-02, HAV-04,
and R-2 which are installed in the saprolite. Wells installed only in the deep
bedrock had significantly lower levels of PCP (factor of 20) and dioxin (factor
of 2,000). In addition, carcinogenic PAHs were not detected in the deep bedrock
wells. It should be noted, however, that these wells are installed generally
along the perimeter of the study area.

Potential noncarcinogenic risks from <ingestion of groundwater at the Havertown
PCP site are presented in Table 6-42. All of the chemical-specific hazard
quotients exceeded unity (1) with the exception of 1,2-dichloroethene (total},
bis(2-ethylhexyl)phthalate, arsenic, and thallium. 2,3,7,8-TCOD (Equivalent) and
naphthalene had the highest hazard quotients of 5,000 and 170, respectively. The
exposure associated with ingestion of 2,3,7,8-TCDD (Equivalent) exceeded the 1-
day health advisory by a factor of 50 and the 10-day health advisory by a factor
of 500. Thus, ingestion of groundwater at the Havertown PCP site may induce
adverse liver effects from acute and subchronic exposure and reproductive effects
from chronic exposure.

In addition to the risk estimates calculated according to EPA guidance (1989%a),
as discussed in Section 6.1.3, risks were estimated for each well location. This
was done to provide additional information for making remedial decisions for the
site. Essentially, the EPA recommended approach for estimating exposure and risk
(presented above) for the groundwater pathway quantifies the risk associated with
the hot spot at the site. But such a method does not provide information on the
extent and range of risks associated with using groundwater at other locations.
Thus, the total risk from ingesting groundwater at each well location was
estimated. A contour plot of the carcinogenic and noncarcinogenic risks for the
site was then derived using the risks calculated for each well. The risk contour
plot defines the spatial distribution of potential carcinogenic risks and
noncarcinogenic risks associated with ingestion of groundwater from the Havertown
PCP site. A risk contour plot was derived by performing the following analyses.

AR300682
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. Tabie &-42

Potentiai Noncarctnogenic Risks Associated with Ingestion of
Groundwater from the Havertown PCP site by Hypothetical
Residents for tne RME Case

RME Chronic ' RFD
Daily Intake RfD Ungertainty Hazard
Chemical (a) {mg/kg/day) (mg/kg/day) Factor Quotient
Organics:
1.2-Dichlcroethene (total) 7.1E-3 2.0E-2 1000 3.6E-1
bis(Z-Ethyhexy])phtha1ate' 5.2E-3 2.0e-2 1000 2.B6E-1
Flucranthene 2.3E-2 4.0E-3 300 . 5.8E+0
Naphtha lene 6.BE~1 4.0E-3 10,000 1.7E+2
Pentachlorophenol 2.3E+0 3.0E-2 100 7.78+1
2,3,7,8-TC0D (Eguivaients)(b) 5.DE-6 1.0E-9 1000 5.0E+3(b)
. Inprganics:
Arsenic §.5E-4 1.0E-3 1 6.5E-1
Manganese 6.4E-1 1.08-1 1 6.4E+0
Thallium . 4.98-5 7.0E-5 3000 7.0E-1
Total Hazard Index: ?5*-3_

{a) Toxigity criteria were not available for dibenzofuran, Z-methylnaphthalene, acenaphthene, phenanthrene,
) aluminum, and cobalt; therefore, hazard quotients were not estimated for these chemicals.
{b} Exposure to 2,3.7.8-TCDD [Equivalent) also exceeds both 1- and 10-day health advisories.

® .< AR300683
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° The potential carcinogenic and noncarcinogenic risk associate with each
chemical detected at each well location was estimated using the approaches
outlined in Sections 6.1.3.4 and 6.1.5.1.

. The total carcinogenic risk and hazard index for each well location was
calculated by summing chemical-specific risks. For well clusters which
evaluated contamination in the different portions of the aquifer; the
average carcinogenic risk and average hazard index for the location were
calculated.

. Carcinogenic risk and noncarcinogenic risk contour plots were derived
using a computer contour software system (SURFER Version 4.0).

The risk contour plot for carcinogenic risks associated with ingestion of
groundwater at the Havertown PCP site is presented in Figure 6-2. This contour
plot shows the major extent of contamination in groundwater as defined by the
0.05 cancer risk contour. The risks associated with groundwater drop off
significantly from the 0.05 contour to the risks estimated for wells along the
periphery of the study area. As shown in Figure 6-2, potential carcinogenic
risks that exceed the NCP acceptable risk range, however, were found at all well
locations. The noncarcinogenic risk contour plot presented in Figure 6-3 shows
a similar groundwater plume of concern. As shown in Figure 6-3, the hazard index
for each well location exceeded unity, with the exception of R-4. These risk
contour plots may indicate that contamination of concern with respect to future
use of groundwater as a drinking water resource may be found beyond the periphery
of the study area (as defined by the current well locations). In addition, these
plots indicate the areas of greatest concern with respect to human health.

Inhalation of VOCs while Showering - Potential carcinogenic risks to hypotheticail
residents who inhale VOCs present in groundwater while showering are presented
in Table 6-43. One probable human carcinogen (Group B2) and two known human
carcinogens of concern (Group A) which may volatilize while shﬂﬁ@ﬁ'@"@&i{ .
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detected groundwater at the site. Trichloroethene is the primary VOC of concern
in groundwater. The potential increased cancer risk from exposure to these VOCs
while showering is 2x10™ which exceeds the NCP point of departure and acceptable
risk range (EPA 1990a). The potential carcinogenic risk associated with
showering; however, does not contribute significantly to the overall risk of
using groundwater as a future drinking water resource. It should be noted;
however, that the highest detected concentrations of VOCs were detected in
samples further upgradient from the highest detected concentrations of dioxins,
PAHs, and PCP.

Potential noncarcinogenic risks from inhalation of VOCs while showering are
presented in Table 6-44. 1,2-Dichloroethene (total) was the only VOC with a RfD
for evaluating impacts from inhalation. The hazard quotient for 1,2-
dichloroethene was below one. Therefore, noncarcinogenic risk from exposure to
this chemical may not occur. However, toxicity criteria were not available for
evaluating noncarcinogenic effects from inhalation of benzene, trichloroethene,
and vinyl chloride.

Indirect Exposure to Nursing Infants from Maternal Exposure to Groundwater -
Nursing infants may be indirectly expdsed to dioxin and furans in groundwater via
lactational transfer assuming that the mother {s directly exposed to dioxin and
furans via ingestion of groundwater under future land-use conditions. As
previously discussed, potential indirect exposure to nursing infants was
estimated using a pharmacokinetic model that relates exposure ofthe mother from
ingestion of groundwater to the exposure of the nursing infant via lactational
transfer. The potentjal increased carcinogenic risk to nursing infants via
indirect exposure is presented in Tabie 6-38. The increased carcinogenic risk
associated with 2,3,7,8-TCOD (Equivalent) exposure to nursing infants (i.e., no
additional exposure later in 1ife) was estimated to be 1x10'. The potential
carcinogenic risk associated with ingestion of groundwater was 10,000 times
higher than the NCP point of departure (i.e., 10°) and 1,000 times higher than
the upper-bound of the acceptable risk range as e -
._pp r-boun ep 71 7 g presented in thE%cgéiﬁS’BISO )
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Table 6-44

Potential Noncarcinogenic Risks Associated with
Inhajation of VOCs wnile Showering for Hypothetical
Residents at the Havertown PCP Site for tne RME Case

RME Chronic RD

Daily Intake RfD (b} Uncertainty Hazard
Chemical (a) {mg/kg/day) (mg/kg/day) Factor Quotient
1.2 Dichloroetnene (total) 7.1E-3 2.0E-2 1000 J.6E-1

{a}

No toxicity criteria were available for benzene,
estimated risk does not inciude these chemicals.
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(EPA 1990a).

Potential noncarcinogenic risk to nursing infants via indirect exposure of
2,3,7,8-TCDD (Equivalent) is presented in Table 6-39. The hazard quotient for
chronic exposure (i.e., 2 year lactational exposure) exceeded unity by a factor
of 39,000. The exposure associated with ingestion of 2,3,7,8-TCDD (Equivalent)
exceeded the 1-day health advisory by a factor of 390 and the 10-day health
advisory by a factor of 3,900. Thus, indirect exposure to nursing infants which
may be indirectly exposed via lactational transfer as a result of maternal
exposure under future land-use conditions, may induce adverse liver effects from
acute and subchronic exposure and potential developmental effects from chronic
exposure. Although, exposure to nursing infants exceeded the 1- and 10-day
health advisories, it is still assumed that the exposure duration for the mother
from ingestion of groundwater under future land-use conditions is chronic (which

would result in significant biocaccumulation of dioxin in the mother prior to
Tactation).

6.1.6 Uncertainties Associated with the Human Health Risk Assessment

This section outlines the uncertainties associated with the results of the
Havertown PCP baseline risk assessment. The primary areas of uncertainty
include: 1) environmental sampling and analysis; 2) estimation of exposure; and
3) toxicity assessment. An overview of the primary areas of uncertainty in the
quantitative risk assessment is presented in Table 6-45 and are discussed below.

6.1.6.1 Environmental Sampling and Analysis

As discussed in Section 6.1.2, monitoring data collected from groundwater,
surface water, and sediments were used to characterize the extent of
contamination in these media. These data were considered to be representative
of site contamination, yet the degree to which the RI data characterizes site
contamination is unknown. For example, the potential impact of BAPME G
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Tabie 5-45

. Uncertainties Assoclateg with the Havertown PCF
Baseline Risk Assessment

£ffect on Estimated Risk (a)

Potential Potential Potential for
for for Over or unger-
Source of Qver- Under- Estimation
Uncertainty Estimation £stimation of Risk
of Risk of Risk

Environmental Sampiing and Analysis

Available sampiing data used to Low
characterize the extént of
contaminaticn at the site

Inorganics were assumed Low
to be eievated above
background

Systematic and/or random errors Low
n anaiysis and reporting

TICs were not quantitatively Low
eva luated

Estimation gf Exposurs

Exposyure paramaters were Moderate
assumed to be characteristic

of the potentially exposed

popu lation

The amount of media intake is Moderate

assumed to be constant and
representative of the exposad
popuiation

Toxicity Assessment

An additive model is used to Moderate
evaluate risk from a cnemical
mixture

Toxicity criteria not available Low
for certain cnemicals of potential
concern

Conservative methods used to ) Moderate
derive toxicity criteria t9 high
{particularly sliope factors

[see text])

{a}As a general guideline, assumptions marked as "low,” may affect estimates of exposure by iess than one order
of magnitude: assumptions marked "moderate” may affect estimates of exposure by between one and two orders of
magnitude; and assumptions marked “high” may affect estimates of exposure by more than two orders of magnitude.

R

e ~ AR30069
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variability on site contamination was not characterized since this was not within
the scope of the RI. Given the uncertainty associated with the monitoring data,
the 95th UCL on the arithmetic mean was used when estimating exposure for the
various exposure pathways evaluated in this assessment in order that potential
exposure would not be underestimated.

Another area of uncertainty concerns the treatment of non-detected concentrations
in the quantitative assessment of risk. One-half of the CRQL was used as the
detection 1imit for samples qualified with a "U* or “UJ* qualifier. The actual
concentration of the chemical may be zero to just below the CRQL. In all
probability, the actual concentration may be below one-half the CRQL given that
the instrument detection limit (IDL) is often much lower than one-half the CRQL.
The methods used to evaluate non-detects in this assessment, however, probably
does not contribute significantly to the overall uncertainty of the results
(probably less than a factor of 2).

In this assessment, several inorganic chemicals of potential concern were
selected for evaluation in the quantitative risk assessment as discussed in
Section 6.1.2. Site-specific background data, however, were not available for
groundwater, surface water, or sediment. Monitoring wells installed upgradient
from the suspected source areas had significant organic contamination and;
therafore, couid not be considered as background wells for groundwater. The site
is located at the headwaters of Naylors Run; therefore, site specific background
data could not be collected. To be conservative, inorganic chemicals detected
in groundwater, surface water, and sediment which are not essential human
nutrients and contributed significantly to overall risk (i.e., greater than 1
percent of carcinogenic and/or noncarcinogenic risk) were assumed to be elevated
above background concentrati ons. Thus, these inorganic chemicals were selected
as chemicals of potential concern. The risks presented in this report would be
overestimated if any or all of the inorganic chemicals are attributable to
background levels. It should be noted, however, that inorganic chemicals were
not the primary chemicals of concern at the site and thus would nﬁtiﬁsg&ié%g?y .

N Sal e
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impact the results of the baseline risk assessment.

Another potential source of uncertainty involves the analytical methods used to
quantify the levels of chemicals of potential concern in samples collected for
the Havertown PCP site. There is a certain degree of variability associated with
the laboratory instruments ability to quantify the levels of a chemical in a
sample. This variability tends to be normally distributed. The potential
contribution of this source of uncertainty, however, is considered to be low
given QA/QC requirements for samples and analysis.

Several TICs were identified in groundwater, surface water, and sediment. Given
the uncertainty associated with their identification and concentrations, these
chemicals were not quantitatively evaluated in this report. Thus, the risks
associated with contact with various media may be underestimated. Alkyl benzene,
PAHs, and breakdown products of PCP were the primary TICs identified.

6.1.6.2 Estimation of Exposure

As discussed in Sections 6.1.3 and 6.1.5, conservative assumptions were used to
estimate exposure for the various exposure pathways quantitatively evaluated in
this report. Under current land-use conditions, it was assumed that children
would play in the more contaminated areas of the Naylors Run 125 days per year
for 10 years. During these play activities, children would incidentally ingest
140 mg of sediment each day. In addition, children were assumed to contact
surface water and sediments over one-third of the surface area of their hands,
arms, and legs. These are conservative assumptions used to evaluate a reasonable
maximum exposure case. The likelihood of children in the area actually engaging
in such behavior is unknown.

For the fish ingestion pathway, recreational fisherman were assumed to ingest an
average of 42 grams per day of bottom feeding fish from Cobbs Creek. No data
were available for game fish which are more 1ikely to be ingested bﬁ mﬁlggg
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fisherman. Game fish may have much lower concentrations of organic contaminants
in their tissue than bottom feeding fish given the differences in their foraging
behavior. Therefore, potential exposure levels may be overestimated.

For future land-use exposure pathways, it was assumed that an individual would
ingest 2 liters per day of'groundwater from more contaminated areas at the site
over a 30 year period. It is unlikely that groundwater at the site would
actually be used as a future drinking water resource. This pathways, however,
was evaluated primarily to justify restrictions on the future use of groundwater
at the site and provide the basis for making risk management decisions for the
site.

6.1.6.3 Toxicity Assessment

EPA (198%9a, 1986a,b) recommends summing chemical-specific risks in order to
quantify the combined risk associated with exposure to a chemical mixture.
Limited data are available for actually quantifying the potential synergistic
and/or antagonistic relationships between chemicals in a chemical mixture. Thus,
chemicals are assumed to act independently in the body to cause an effect, If
this assumption is incorrect regarding chemical interaction, then over- or
underestimation of potential risk of the chemical mixture may occur.

Several chemicals of potential concern, presented in Section 6.1.2, did not have
available foxicity criteria. Therefore, the potential noncarcinogenic and
carcinogenic risks associated with the site may be underestimated. However, the
chemicals of primary concern at the Havertown PCP site have available toxicity
criteria. Therefore, the uncertainty associated with the lack of toxicity
criteria for other chemicals of potential concern is considered low.

There is a high degree of uncertainty associated with the derivation of available

toxicity criteria. The primary sources of uncertainty associated with the

derivation of toxicity criteria, as summarized by the EPA (19893)5 Amhiges G . |
- T‘
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. using dose-response information from effects observed at high doses to
predict the adverse health effects that may occur following exposure to
the low levels expected from human contact with the agent in the
environment;

. using dose-response information from short-term exposure studies to
~ predict the effects of long-term exposures, and vice-versa;

. using dose-response information from animal studies to predict effects in
humans; and

] using dose-response information from homogeneous animal populations or
healthy human populations to predict the effects iikely to be observed in
the general population consisting of individuals with a wide range of
sensitivity.

EPA (1989a,e,f, 1986a,b) uses a conservative approach to derive toxicity criteria
given the uncertainties in the toxicity studies and dose-response information.
For example, the slope factor is the 95th UCL on the linear slope that describes
the cancer potency of the chemical of concern. Using the 95th UCL on the linear
slope is a conservative approach adopted by the EPA in order that the true risks
will not be underestimated. A thorough assessment of the high degree of
uncertainty associated with the derivation of slope factors was presented in an
EPA (1985e) document entitled "Techniques for the Assessment of the Carcinogenic
Risk to the U.S. Population Due to Exposure from Selected Volatile Organic
Compounds from Drinking Water Via the Ingestion, Inhalation, and Dermal Routes.*”
Based on the conservative approaches used to derive slope factors outlined in
this report (EPA 1985e), it may be concluded that the “true carcinogenic risk*
may be orders of magnitude less than the carcinogenic risks presented in this
report.

Thus, risks presented in the Havertown PCP baseline risk assessmenfj EhE3 3o 5
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be construed as absolute estimates of risk given the degree of uncertainty
associated with the risk assessment process as described above. Rather, the
Havertown PCP baseline risk assessment characterizes the potential for an adverse
effect to occur if an individual is exposed to chemicals of concern at the site.
When reviewing the results of this'assessment, the conservative assumptions used
should be considered. The conservative methods are recommended in EPA guidance
(19892) in order to ensure that risks are not underestimated.

6.1.7 Summary and Conclusions of the Human Health Risk Assessment

This section summarizes the findings of the human health risk assessment for the
Havertown PCP site. This report determines whether chemicals of potential
concern at the Havertown PCP site pose a current or future risk to human health
under the no-action alternative (i.e., in the absence of remediation of the
site). Chemicals of potential concern selected for evaluation in the baseline
risk assessment are discussed in Section 6.1.7.1. Exposure pathways of concern
selected for gquantitative evaluation in the baseline risk assessment are
summarized in Section 6.1.7.2. Potential carcinogenic and noncarcinogenic risks
estimated for the pathways quantitatively evaluated in this report are summarized
below in Section 6.1.7.3

6.1.7.1 Chemicals of Potential Concern

Of the chemicals detected at the Havertown PCP site, chemicals of potential
concern were selected based on several criteria including evaluating the percent
contribution of risk using derived risk factors (EPA 198%9a). Over forty
chemicals were selected as chemicals of potential concern for the Havertown PCP
site including volatile organic compounds, PAHs, pesticides, dioxins and furans,
and inorganics. ~f these chemicals, PCP, PAHs (specifically benzo(a)pyrene
[Equivaients]), dioxins and furans were the primary chemicals of concern in
all media at the artown PCP site. Other chemicals se]ecte% ﬁsﬁegiéﬂgof

- - - e e
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potential concern in all media included: aluminum, arsenic, cobalt, and
manganese. Several volatile organic compounds selected as chemicals of potential
concern were detected only in groundwater including: 1,2-dichloroethene,
trichloroethene, and vinyl chloride. The exclusive presence of these chemicals
in groundwater may be due to their high water solubility, low affinity for
binding to sediment particles, and potential volatilization from surface water
to the air. The pesticides dieldrin and heptachlor epoxide were only detected
in Naylors Run surface water. The majority of the PAHs were found in sediment
samples, probably due to their low water solubility and high affinity for binding
to sediment particles. Several inorganic chemicals of potential concern
including antimony, nickel, thallium, vanadium, and zinc were selected only in
Nay]brs Run. It is uncertain whether these chemicals are actually associated
with site related disposal. TICs identified in groundwater and surface water
consisted primarily of alkyl benzenes and PAHs. The TICs identified in sediment
consisted of PAHs and breakdown products of PCP. The presence of these TICS is
consistent with the disposal history of the site.

6.1.7.2 Exposure Assessment

The following current land-use exposure pathways were quantitatively evaluated
in the Havertown PCP baseline risk assessment report:

. direct contact with surface water and sediments by children playing in
Naylors Run;

. ingestion of fish caught from Cobbs Creek by recreational fisherman; and

e  exposure to nursing infants that ingest breast-milk from mothers that are
exposed to dioxin via ingestion of fish from Cobbs Creek,

The following future land-use exposure pathways were quantitativeéyﬁeéaéugtéeﬁif
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the Havertown PCP baseline risk assessment report:
. ingestion of groundwater at the Havertown PCP site by future hypothetical
residents;
. inhalation of volatile organic compounds (VOCs) while showering by future

hypothetical residents that use groundwater at the Havertown PCP site; and

. exposure to nursing infants that ingest breast-milk from mothers that are
exposed to dioxin via ingestion of groundwater.

Exposure point concentrations were estimated for each chemical of potential
concern and exposure pathway. Exposure point concentrations and exposure
parameters vaiues were combined using a chemical intake equation to estimate
exposure (f.e., chronic daily intake [CDI]) for the reasonable maximum exposure
(RME) case for each chemical of potential concern and pathway.

6.1.7.3 Results of the Human Health Risk Characterization

Toxicity criteria identified in Section 6.1.4 and CDIs estimated in Section 6.1.3
were combined to quantify potential noncarcinogenic and carcinogenic risks
associated with the exposure pathways quantitatively evaluated in the Havertown
PCP baseline risk assessment.

Potential carcinogenic risk was guantified by multiplying the CDI by the siope
factor when the cancer risk was below 0.01. Cancer risks in excess of 0.01, were
calculated using an inverse exponential equation presented in Section 6.1.5.1.
Chemical-specific cancer risks were summed in order to quantify the total cancer
risk associated with exposure to a chemical mixture. Potential carcinogenic
risks are expressed as an increased probability of developing cancer over a
lifetime (i.e., excess individual lifetime cancer risk) (EPA 198%a). For
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example, a 107 increased cancer risk can be interpreted as an increased risk of
1in 1,000,000 for developing cancer over a lifetime if an individual is exposed
as defined by the pathways presented in this report. A 10° increased cancer
risk is the point of departure established in the NCP (EPA 1990a). In addition,
the NCP (EPA 1990a) states that "for known or suspected carcinogens, acceptable
exposure levels are generally concentration levels that represent an excess upper
bound Yifetime cancer risk to an  individual of between 10 and 107°.*
Carcinogenic risks in excess of the acceptable risk range are likely to trigger
a remedial response. Carcinogenic risks within the acceptable risk range, yet
in excess of the point of departure (i.e., 10°), also may trigger a remedial
response.

Noncarcinogenic effects associated with exposure to a chemical was quantified by
dividing its CDI with its reference dose {RfD). This ratio is called the hazard
quotient. If the hazard quotient exceeds unity (i.e., 1), then an adverse health
effect may occur. If the estimated hazard quotient is less than unity, then
adverse noncarcinogenic effects are uniikely to occur. The potential risk from
a chemical mixture was evaluated by caiculating the hazard index which is the sum
of the chemical-specific hazard quotients.

As discussed in Section 6.1.3.3, Section 6.1.5, and Section 6.1.7, conservative
assumptions were used to estimate CDIs and risk in order that potential risk will
not be underestimated. The conservative assumptions are used because of the
unceftainty associated with the risk assessment process. The assumptions
discussed in this report should be considered when reviewing the risks presented
in this section. In particular, the risk estimates presented for future use of
groundwater should be interpreted as an evaluation of groundwater quality at the
site for developing remediation strategies. Groundwater in the vicinity of the
Havertown PCP site is currently not used as a drinking water resource. In
addition, it is highly unlikely that groundwater would be used as a drinking
water reéource in the future given the availability of city watgruﬂpéoi,}iégg éuéthe
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City of Havertown.

A summary of the potential carcinogenic and noncarcinogenic risks estimated for
the exposure pathways quantitatively evaluated in the Havertown PCP baseline risk
assessment are presented in Table 6-46 and discussed below.

Current land-Use Conditions: Direct Contact with Surface Water by Children
Plaving in Navlors Run - The total carcinogenic risk to children playing in
Naylors Run from dermal absorption of chemicals of potential concern in surface
water is 9x107 for the RME case. The potential carcinogenic risk associated
with direct contact with surface was below the point of departure established in
the NCP (EPA 1990a). All of the chemical-specific hazard quotients were nearly
3 orders of magnitude below unity (1) for the RME case. 1n addition, the hazard
index was nearly 2 orders of magnitude below unity for the RME case. Thus,
surface water in Naylors Run does not appear to present an appreciable
carcinogenic risk nor noncarcinogenic risk to children who may play in this
stream, given the estimated risk levels and the conservative assumptions used to

assess exposure (e.g., high frequency of exposure, playing exclusively in the
most contaminated area at the site, etc.).

: d Direct Contact with Sediments by Children Playing
in Hav1grs Run - The total carcinogenic risk to children playing in Naylors Run
from dermal absorption of chemicals of potential concern in sediment was 6x10°*
for the RME case. The majority of the carcinogenic risk was associated with
benzo(a)pyrene (Equivalent) and arsenic. The total carcinogenic risk to children
playing in Naylors Run from incidental ingestion of chemicals of potential
concern in sediment was 5x10° for the RME case. The majority of the
carcinogenic risk for this route was associated with benzo(a)pyrene (Equivalent)
(the dermal absorption of arsenic was assumed to be negligible). The highest
detected concentrations of benzo(a)pyrene (Equivalents) and arsenic were found

o AR300700
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upstream of the catch basin in samples collected in Naylors Run near Eagle Road.
The total potential carcinogenic risk to children from contact with sediments was
1x10™* for the RME case. This estimated cancer risk is above the NCP point of
departure (i.e., 10°) and equal to the upper-bound of the NCP acceptable risk
range (i.e., 10™*) (EPA 1990a). It should be noted, however, that conservative
methods were used to estimate exposure to children playing in Naylors Run (e.q.,

high frequency of exposure, playing exclusively in the most contaminated area at
the site, etc.).

For this pathway, all of the chemical-specific hazard quotients were beiow unity
(1) and the total hazard index for exposure to sediment was 0.9 for the RME case.
Therefore, noncarcinogenic effects may not occur in children from dermal
absorption and incidental ingestion of chemicals of potential concern in sediment
during playing activities.

The potential noncarcinogenic risk associated with exposure to lead in sediments
was evaluated using the Integrated Uptake/Biokinetic Model (IU/BK) which is a
computerized pharmacokinetic model. Lead was not a chemical of concern inr any
other media; therefore, default parameter values were used to estimate exposure
to Tead from other media {i.e., drinking water, air, etc.). Based on the results
of the IU/BK model, there is & 9 percent chance that a child engaged in the
activity outlined for this pathway would have a blood-lead level above 10 ug/dl.
Studies have shown that children with blood-lead levels above 10 pg/dl may
experience adverse neuroiogical effects (see toxicity profile for Tead for
further discussion). '

Current Land-Use COQditions: Ingestion of Fish from Cobbs Creek - Fish tissue
samples collected as part of the National Biocaccumulation Study from Cobbs Creek
were used to estimate potential exposure to recreational fisherman (EPA 1990d).
The total carcinogenic risk associated with ingestion of fish tissue was 2x107
for the RME case. The majority of the carcinogenic risk was ass %ﬁated itg
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6-154




TCN 4212
RI REPORT -
REV #1
24,/JUN/91

dieldrin. Dieldrin was detected in Naylors Run surface water, but not in any
other media. It is uncertain whether dieldrin or other chemicals present in fish
tissue are associated with chemical releases from the Havertown PCP site or other
sources. The total potential carcinogenic risk associated with ingestion of fish
tissue is above the NCP point of departure (i.e., 10°) and the upper-bound of
the acceptable risk range as presented in the NCP (i.e., 10™*) (EPA 1990a). The
hazard index for ingestion of fish was 14 for the RME case. Hazard quotients for
chlordane, dieldrin, heptachlor epoxide, and dioxin all exceeded unity (1) for
the RME case. Therefore, ingestion of large quantities of bottom feeding fish
(no game fish data were available) from Cobbs Creek may result in a
noncarcinogenic effect.

Exposure to Fish ~ Nursing infanfs may be indirectly exposed to dioxin and furans
in fish tissue via lactational transfer assuming that the mother is directly
exposed to dioxin and furans in fish tissue from Cobbs Creek. Potential exposure
to nursing infants was estimated using a pharmacokinetic model that relates
exposure of the mother from ingestion of fish to the exposure of the nursing
infant via lactational transfer. The increased carcinogenic risk associated with
2,3,7,8-TCDD (Equivalent) exposure for nursing infants (i.e., no additional
exposure later in life) was estimated to be 1x10* for the RME case. The
increased risk is above the NCP point of departure (i.e., 10°) and is equal to
the upper—bbund of the acceptable risk range as presented in the NCP (i.e., 10™)
(EPA 1990a). The hazard quotient for chronic exposure (i.e., 2 year lactational
exposure} exceeded unity by an order of magnitude for the RME case. Therefore,
nursing infants may experience adverse developmental effects from chronic

exposure.

Myltimedia Assessment of Risk - The total

conditions was 2x10°, while the hazard quotient exceeded unity by a factor of
AR300704 @
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50 for the RME case. These risk estimates assume that an individual is exposed
via all pathways according to the RME case. The highest carcinogenic risk (1x10°
*) was associated with ingestion of fish from Cobbs Creek. Ingestion of fish and
nursing infant exposure pathways had hazard indices that exceeded unity by over
an order of magnitude.

Euture Land-Use Conditions: Ingestion of Groundwater by Hypothetical Residents -
If groundwater at the site were used as a source of water in the future, then
residents may be exposed to chemicals of potential concern via ingestion. The
total carcinogenic risk for all chemicals was nearly 0.5 for the RME case. The
total potential carcinogenic risk associated with ingestion of groundwater was
one-half a million times higher than the NCP point of departure (i.e.,

10%) and 5,000 times higher than the upper-bound of the acceptable risk range
as presentéd in the NCP (i.e., 10™) (EPA 1990a). The primary chemicals of
concern in groundwater included benzo{a)pyrene (Equivalent), PCP, and 2,3,7,8-
TCOD (Equivalent). The highest detected concentrations of these chemicals were
found at well locations HAV-02, HAV-04, and R-2 (see risk contour plot presented
in Figure 6-2 for delineation of the plume for carcinogenic risk). Deep bedrock
wells which are generally installed along the perimeter of the study area,
however, had significantly lower concentrations of these chemicals.

The hazard index estimated for ingestion of groundwater exceeded unit by a factor
of over 5,000 for the RME case. Over 95 percent of the noncarcinogenic risk was
associated with 2,3,7,8-TCDD (Equivalent). Exposure associated with ingestion
of 2,3,7,8-TCDD (Equivalent) exceeded the 1-day health advisory by a factor of
50 and the 10-day health advisory by a factor of 500. Thus, ingestion of
groundwater at the Havertown PCP site may induce adverse liver effects from acute
and subchronic exposure and reproductive effects from chronic exposure (see risk
contour plot presented in Figure 6-3 for delineation of the plume for
noncarcinogenic risk).

AR300705
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Future Land-Use Conditjons: Inhalation of VOCs while Showering - The potential
increased cancer risk from exposure to VOCs in groundwater while showering is
2x10™ for the RME case, which exceeds the NCP point of departure and acceptable
risk range (EPA 1990a). It is uncertain whether VOCs in groundwater may cause
a noncarcinogenic effect from inhalation given the lack of toxicity criteria for
benzene, trichloroethene, and vinyl chloride.

irect Exposure to Nursing Infants from Maternal Exposure to Groundwater -

Nursing infants may be indirectly exposed to dioxin and furans in groundwater via
lactational transfer assuming that the mother is directly expased to dioxin and
furans via ingestion of groundwater under future land-use conditions. The
increased carcinogenic risk associated with 2,3,7,8-TCDD (Equivalent) exposure
to nursing infants (i.e., no additional exposure later in 1ife) was estimated to
be 1x10" for the RME case. The potential carcinogenic risk associated with
ingastion of groundwater was 10,000 times higher than the NCP point of departure
(i.e., 10°) and 1,000 times higher than the upper-bound of the acceptable risk
range, as presented in the NCP (i.e., 107*) EPA (1990a).

The hazard quotient for chronic exposure (i.e., 2 year lactational exposure)
exceeded unity by a factor of 39,000 for the RME case. The exposure associated
with ingestion of 2,3,7,8-TCDD (Equivalent) exceeded the 1-day health advisory
by a factor of 390 and the 10-day health advisory by a factor of 3,900. Thus,
indirect exposure to nursing infants via lactational transfer as a result of
maternal exposure under future land-use conditions, may induce adverse liver
effects from acute and subchronic exposure and potential developmental effects
from chronic exposure.

Overall, the primary conclusions of the Havertown PCP baseline risk assessment
are as follows:

AR30070
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Carcinogenic PAH contamination in sediments may present a potential human
health impact from direct contact. Pesticides and dioxin in surface water
and sediments may contribute to the health risk associated with ingestion
of fish further downstream and subsequent indirect exposure to nursing
infants. However, it is uncertain whether these chemicals present in fish
tissue are associated with chemicals releases from the site

There are high carcinogenic and noncarcinogenic risks associated with the
use of groundwater due to PAH, PCP, and dioxin contamination. The extent
of primary contamination of these chemicals appears to be sufficiently
characterized by data from existing monitoring wells. However, relatively
Tow concentrations of these chemicals in monitoring wells installed altong
the periphery of the study area may present risks of concern with respect
to residential use of groundwater.
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